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(57) Abstract 

The present invention relates to the use of ligands for the Flk-1 receptor for the modulation of angiogenesis and vasculog- 
enesis. The invention is based, in part, on the demonstration that Flk-1 tyrosine kinase receptor expression is associated with en- 
dothelial cells and the identification of vascular endothelial growth factor (VEGF) as the high affinity ligand of Flk-1. These re- 
sults indicate a major role for Flk-1 in the signaling system during vasculogenesis and angiogenesis. Engineering of host cells that 
express Flk-1 and the uses of expressed Flk-1 to evaluate and screen for drugs and analogs of VEGF involved in Flk-1 modula- 
tion by either agonist or antagonist activities is described. The invention also relates to the use of FLK-1 ligands, including VEGF 
agonists and antagonists, in die treatment of disorders, including cancer, by modulating vasculogenesis and angiogenesis. 
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Flk-1 IS A RECEPTOR FOR VASCULAR 
ENDOT F^ T-TAL GR OWTH FACTOR 

1. TTJTPnnUCTION 
The present invention relates to the use of ligands 
5 for the FLK-1 receptor for the modulation of angiogenesis 
and vasculogenesis. The invention is based, in part, on 
the demonstration that Flk-1 tyrosine kinase receptor 
expression is associated with endothelial cells and the 
identification of vascular endothelial growth factor 
10 (VEGF) as the high affinity ligand of Flk-1. These 

results indicate a major role for Flk-1 in the signaling 
system during vasculogenesis and angiogenesis . 

. , fl n, rh*t egress Fik=i and the uses 

Engineering 

j fnr H-mcrs ana 

of expressed Flk-1 to evaluate 

15 analogs of VEGF involved in Flk-1 modulation by either 
agonist or antagonist activities is described. 

The invention also relates to the use of FLK-1 
ligands, including VEGF agonists and antagonists, m the 
treatment of disorders, including cancer, by modulating 

20 vasculogenesis and angiogenesis. 

2 . BACKGROUND ur ' "r. i»v M wxw.. 
Receptor tyrosine kinases comprise a large family of 
transmembrane receptors for polypeptide growth factors 
" with diverse biological activities. Their intrinsic 
tyrosine kinase function is activated upon ligand 
binding, which results in phosphorylation of the receptor 
and multiple cellular substrates, and subsequently in a 
variety of cellular responses (Ullrich A. and 
30 Schlessinger, J., 1990, Cell 61:203-212). 

A receptor tyrosine kinase cDNA, designated fetal 
liver kinase 1 (Flk-1) , was cloned from mouse cell 
populations enriched for hematopoietic stem and 
progenitor cells. The receptor was suggested to be 
35 involved in hematopoietic stem cell renewal (Matthews 
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et al., 1991» ^° c - Natl - Acad ' Sci - DSA 88:9026 - 9030) - 
Sequence analysis of the Flk-1 clone revealed 
considerable homology with the c-Kit subfamily of 
receptor kinases and in particular to the Fit gene 
5 product. These receptors all have in common an 

extracellular domain containing immunoglobulin- like 
structures . 

The formation and spreading of blood vessels, or 
vasculogenesis and angiogenesis , respectively, play 

10 important roles in a variety of physiological processes 
such as embryonic development, wound healing, organ 
regeneration and female reproductive processes such as 
follicle development in the corpus luteum during 
ovulation and placental growth after pregnancy. 

IS uncontrolled angiogenesis can be pathological such as in 
^hTgrowth of solid tumors that rely on vascularization 
for growth. 

Angiogenesis involves the proliferation, migration 
and infiltration of vascular endothelial cells, and is 
20 likely to be regulated by polypeptide growth factors. 
Several polypeptides with in vitro endothelial cell 

rrrowth Dromoting actxvity nave D e«« — 

include acidic and basic fibroblastic growth factor, 
vascular endothelial growth factor and placental growth 
25 factor. Although four distinct receptors for the 
different members of the FGF family have been 
characterized, none of these have as yet been reported to 
be expressed in blood vessels in vivo. 

While the FGFs appear to be mitogens for a large 
30 number of different cell types, VEGF has recently been 
reported to be an endothelial cell specific mitogen 
(Ferrara, N . and Henzel, W. J., 1989, Biochem. Biophys. 
Res. Comm. 161:851-858). Recently, the fms-like tyrosine 
receptor, fit, was shown to have affinity for VEGF 
35 (DeVries',C. et al. ,1992, Science 255:989-991). 
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The present invention relates to the use of Upends 
£ or t^ lLc-1 receptor £ or the modulation of angiogenesrs 
£ or the ™ sent inve „tion is based, in 

™ Re discovery that the Flx-1 tyrosine Kinase 
5 Part 't°or fs eSresse7=n the surface of endothelial cells 
ideation of vascular -othelial^ 
factor (VEGF) as the high affinity ligand of Flic 1. 
rote of endothelial cell proliferation and migrate 
» durin angiogenesis and vasculogenesis indicate an 
important role for F1K-1 in these processes. ™ 
Mention is described by way of axample for the «™ 
raT . «.* e or^nciples may be applied to otner 
• n« hrnnans. 

spades , — - daslaiied to inhibit the 

F1 *-1/^F interaction .ay be useful in inhibition of 
Hr growth. VBGF and/or VSGF agonists may be used to 
promote wound healing. The invention rentes to 
Session systems designed to produce Fllc-1 protein 
„ d ell lines which express the F1X-1 receptor. 
" Session of soluble recombinant FIX-l protein », be 
" . . ™fide libraries for moxecux« - — 

line s expressing Flk-1 on ^J^^ agonists 
25 advantageously used to screen and identify 
and antagonists. 



FIG. 1.' Comparison of the F Ik- 1 amino acid 
30 sequence wx- — - A 



r xvj . • *■ 

sequence with related RTKs . Amino acid seguencs 
comparison of F1X-1 with human KDR and rat TKr c 
section of the sequence which is Xnown for 
receptors is compared and only differences to the Fix 
sequence are shown. 



35 
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F1G 2 Northern blot analysis of F1X-1 gene 

,xi Egression of Flx-1 ■» in da * 9 ' 5 " 
expression. (A) EXpreS " (10 „ g) of total SNA 

rt»v 18.5 mouse embryos. Samples (lu KyJ 
day 18.= m analyzed in each lane, 

from whole mouse embryos were a * )ced _ 
Positions of 283 and 18S ribosomal RNAs 

,„„ Flk-1 mRNA in postnatal day » 
(B , Expression of Flic 1 fragB ents from 

brain in comparison with -P*""* !" was load ed 
postnatal day a brain ^ « °* ^ ^ _ ^ 

rtr-coiri ^Lu- . — « 

— * egression in 

FIG. 3. utilisation analysis of 

embryonic nssu==. ~ ---- „„ hrvo . (A ) Bright 

Flk-1 expression in day «.m throuab ^ 

fi eld illumination of a J^ 1 ^^^ probe 
wh ole embryo hybridized w h a S ^ ^ ^ _ 

<5 ' t " 19 * i c loThybridization of an adjacent 
section. (O contr y ons: Ao , a orta; 

section with a sense probe- Ab ^ ^ 

i at atrium; L, lung; Ll, liver, 

' At '. L „„sencePhalon; T, telencephalon; V. 

neninqeaf 

,^ rle . vt, vertebrae. 
V F jo 4 Expression of Flx-1 HNA in embryonic 

ans is restricted to specific cells. Expression of 
organs is rest q ^ 

5 F1X-1 SNA in a day 14-0 m a 

rxl The heart region was pro"= 
magnification. (A) T Adjacent section 

«S-labeled antisense probe. (B) Mj ^ 
hyb ridized with the sense^ probe._ ^ 



11VUL 

30 ^jTJi^TJrT^ - lung, probed 

- .e F1K-1 TTZ ^- c Z ^dized with the 

hybr rp::r «. — • . 

Td endothelial cell layer; En, endocardium; I, lung. Li. 
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live r, La. lumina of the aorta; Ml, «Ur; My. 
myocardium passion in the brain of the 

rn situ hybridization analysis of FIX 
developing mouse. X aif£e rent developmental 

1 ^ Tusections ve r e pr obed with the F1X-1 
stages. All se sect . on Qf toe 

antisense probe. W 9 embryo _ A slngle 

".I;. messing m-1 indica.ea — -^ 

W ^.Z; secti on of an adult brain; a regx.n ~ ~ 

(D , sagittal sectl ° expressing FlR-1 are 

mesencephalon is shown. - menin ges; V, 

indicated by an ar.ow. 

^"^T « Expression of F1H-1 in the choroid plexus 
• ^A> Darxfield illumination of the 
» of adult brain. (A) Dar^ ^ ^ hybrld ized with 

-v,^oid olexus or an a— at a 

' " . « nrnbe (B) Choroia P ie*-» 

P^-i antisense probe. ^ ^ 

higher magnification- . Abbreviations: 

wh .ich show strong epith elial oells; v. 

CP, choroid plexus; E, ependyme, Ep. ep 



25 

ventricle. pressed in the glomeruli of the 

F IG. 7. Fix 1 ^ a 4 . day post natal 

xidney. (A) Pa " Sa91 " a ' e e F1 x-l antisense probe, 
xidney, hybridized with the F1K 1 ^ ^ 

Hybridization sign^ a-— ^ ^ £ an 

indicated by arrown« Sagittal 
recent section^ F U Arrowheads 
section of « - ad It to* ^ q£ an , dulc Kldney at 

at:::: ssu. - — - - and ,D) 



30 



35 
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indicate cells aligned in strands in the juxtaglomerular 

region expressing Flk-1. 

FIG. 8. In situ hybridization analysis of Flk-1 
expression in early embryos and extraembryonic tissues. 
5 (A) Sagittal section of a day 8.5 mouse embryo in the 
maternal deciduum probed with Flk-1. (B) Higher 
magnification of the deciduum. Arrowheads indicate the 
endothelium of maternal blood vessels strongly expressing 
Flk-1 RNA. (C) High magnification of the yolk sac and 
10 the trophectoderm of a day 9.5 mouse embryo. (D) High 
magnification of a blood island. Abbreviations: 
A, allantois; Bi, blood island; Bv, maternal blood 
-,. n Hor^uum: En. endodermal layer of yolk sac; 

V<=3S<=_, w, — — • 

3~-*-mr%i i avor of volk sac; NF, 

M, mesencnyme; ns, meauu^i.^. — j — -- - 

15 neural fold; T , trophobiast; Y, yolk sac. 

FIG. 9. Flk-1 is a receptor for VEGF. (A) Cross 
linking of 125 I-VEGF to COS cells transiently expressing 
the Flk-1 receptor and control cells were incubated with 
123 I-VEGF at 4«C overnight, then washed twice with 

20 phosphate buffered saline (PBS) and exposed to 0.5 mM of 
the cross linking agent DSS in PBS for 1 hour at 4-C. 

. _ -t.ti._-i ^a«n+-nr i mmuno orecioitated , 

The cells were xyseu, _ ^ . 

and analyzed by polyacrylamide gel electrophoresis 
followed by autoradiography. Molecular size markers^ are 

25 indicated in kilodaltons. (B) Specific binding of ,25 I- 
VEGF to COS cells expressing Flk-1. COS cells 
transiently expressing Flk-1 were removed from the plate 
and resuspended in binding medium (DMEM, 25 mM Hepes, 
0.15% gelatin). Binding was performed at 15-C for 90 

30 minutes in a total volume of 0.5 ml containing 2xl0 5 
cells, 15,000 cpm l23 I-VEGF, and the indicated 
concentrations of unlabeled ligand. The cells were 
washed twice with PBS / 0.1% BSA and counted in a gamma 
counter - 



35 
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ro 10. VFGF-induced ^phosphorylation of Fl*-1. 
.OS cSL transiency expressing m-1 receptor and 
^trol cans were starved for "^"^.^ vith 
containing 0.5* fetal - ^ ^ _ 

SJLSl— - - «f - Protein hands 

l0 anti^spno^ine J^^J^^. coupled 

r^", - lev .- r - r -r y - 



Nucleotide sequence of Murine Flk-1. 

«.„« of retroviral vector 
FM . 12. «-~ « ^ i olxsn m . 1 ^ cl . 3 

15 ^Tik-i^-arids": ^ 

contain «* 1 N . terminal acids of cf— 

contains the ^ q£ c6 gUoblastoma tu»or growth 

lo'lnanttegative inhibition of Flk-1- c. cells 
^ transdcminant neg colBplanted with virus- 

„ were ^f^^s are es indicated in each 

^)n<~T na cells. , • . »^>-a 

^ . ^ ^ ^^^-aroducing cells u«» — 

_ i TWO QlIiei B " w ' , 

re!:' - expressing the Flk-1 ™ <— ^t- 
n egative, nutant and one eKpres ing 

» — .^terrf r^s Reared. tu»or volu.es 
ITJ^T^. to 3 days to ohtain a growth curve. 

were implanted either a ind icated in each 

1 t «- Pf»ll numbers are ata xi*"-^ 
rri" - -r-virus-producin, cell lines were 
panex. (transdominant- 
nn p expressing the Fix. i in i 
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negative o-fu mutant (cfms TM) as a control. Beginning 
at the time when the first tumor appeared, tumor volumes 
were measured every 2 to 3 days to obtain growth curve. 
Each group is represented by four mice. 

5 p^n jT.TT, nRSr ^TT^TOM OF THK INVENTION 
The present invention relates to the use of ligands 
for the FLK-1 receptor to modulate angiogenesis and/or 
vasculogenesis. The invention also involves the 
10 expression of Flk-1 to evaluate and screen for drugs and 
analogs of VEGF that may be involved in receptor 
activation, regulation and uncoupling. Such regulators 
of Flk-1 may be used therapeutically. For example, 

„ „«=«h in processes such as wound 

agonists oi vwr maj — — » 

• _j _« TTT>r»r« »avf >->o used in 

15 healing; in contrast, antagonist ^ — — , — -- - 

the treatment of tumors that rely on vascularization .or 
growth . 

The invention, is based, in part, on results from in 
situ-hybridization and Northern blot analyses indicating 
20 that Flk-1 is an endothelial cell specific RTK. In 

addition, cross-linking experiments have shown Flk-1 to 
w_ m affinity receptor for vascular endothelial 

ue a. iA-.-g— 

«.w«*> nv-i nlsvs a 

growth factor (VEGF), inaxuauxny — *— - 

crucial role in the development and differentiation of 
25 hemangioblast and in subsequent endothelial cell growth 
during vasculogenesis and angiogenesis. 

The invention is based, also, on the discovery that 
expression of a transdominant-negative mutant form of the 
Flk-1 molecule can inhibit the biological activity of the 
30 endogenous wild type Flk-1. Experiments are descirbed 
herein, in which tumor cells and cells producing a 
recombinant retrovirus encoding a truncated Flk-1 
receptor were mixed and injected into mice. Inhibition 
of vasculogenesis and growth of the injected tumor cells 
35 was observed in mice expressing the trucated form of the 
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m-l receptor. Expression o£ transdominant negative 

of tie F1X-1 molecule may be useful for treatment 
of diseases resulting from abnormal proliferate of 
blood vessels, such as rheumatoid arthritis, 
s retinopathies and growth of solid tumors. 

As explained in the working examples, intra, the 
polymerase chain reaction (PC*, methcu was used to 
isolate new receptor tyrosine kinases ^*"»"* 
expressed in post-implantation embryos and endoth^ al 
10 cells, one such clone was found to encode a ETK that 
almost identical seguence homology with the previous , y 
identified cCNA clone isolated from populations c lis 
.^ched for hematopoietic cells and designated^! 
•, (Matthews et al., 1991. 

ilVet J\.J-li«a-^*- — % , 

. „ e * nR.QO26-9030) (FIG- 11) - 

IS Natl. Acaa sci. u.-."- 

For clarity of discussion, the invention is 
described in the subsections below by way of example for 

murine Flk-1. However, the »*»ol,l--Yb- 
analogously applied to clone and express the FIX 
20 other species including humans. 

B i the r n- i sacflia assess 

The nucleotide coding seguence and deduced amino 

" ZZZZZZ. 1991, Proc. »atl. Acad. Sc, , 

,^ lrro with the invention, rne 

88:9026-9030. In accordance wicn 

nucleotide sequence of the Flk-1 protein or its 
Tun ional equivalent in mammals, ^^T^ 
,0 be used to generate recombinant molecules which direct 
expression of Flk-1; hereinafter, this receptor wi 
oe referred to as ••Flk-l". regardless of the species from 

which it is derived. 

In a specific embodiment described herein, the 

• Flk-1 gene was isolated by performing a polymerase 
35 murine FIX-i gene w« 
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cnain reaction <PCH, using two degenerate 
D ri»er pools that were designed on the basis of highly 
primer po v in ase domain of receptor 

conserved sequences within the Kinas _„.,,._ 
tyr osihe Xinases (HanKs et aX. . »...) " Pi 
D £ from a Xgtio cDNA library prepared from day 8 5 
e^ryos, was used. In a parallel approach, similar 

were used to amplify RTK cDNA sequences from 
oIpTllary endothelial cells that had been isolated from 
£ bralL of post-natal day 4-8 mice. This is a time 
Ten brain endothelial cell proliferation is maximal. 
Both approaches yielded cDHA sequences encoding 
recently described fetal liver RTK, ,11.-1 <«*"^ S 

1991, • Based on amino acid homology, th« receptor^ 

— „ r the tvoe III subclass of Kias ( - 

" * — T~_r ,*,H,"™t»l« immunoglobulin-liKe repeats 

Schiessingei ; »^ 

<r, i-H^ir extracellular domains (FIG. 1). 
in their eXtra to pUc . x gen es isolated 

The invention also reww 

iT,^i\idina humans, in whicn r x 
fr cm other species, ^ clu "" 9 " £ami are define d 

• a vi<;ts Members of the Fix i 

activity that bind VEGF or fragments of 

herein a «>os u ^ ceptors may demonstrate about 80* 

the peptide. Such re p „„.„„,, „i stretches 

, >t the amino acid levei j... — 

T^r'sequence. A bacteriophage cDNA library may me 

J ^mer conditions of reduced stringency, using a 

, i— — - ~ t^t ■ 

Alternatively the mouse F1K-1 sequence can be used to 
"eslgm degenerate or fully degenerate oligonucleotide 
%Z which can be used as POP probes or to screen 

• cDNA libraries. A polymerase chain 

T^TZ^ strategy may be used to clone human 
FUc-1 Two pools of degenerate oligonucleotides, 

I to a conserved motifs between the mouse 
Tierce tor Cosine kinases, may be designed to 

orimers in a PCR reaction. The template for the 
"lotion is cDHA obtained by reverse transcription of 



30 

Flk-i 
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..11 lines or tissue known to express 
prepared from cell lines subcloned and 

r<iv I The PCR product may oe suco 
human Flk-1- The P P li£ied sequences 

sequenced to insure that the P be 

4. fh« Flk-1 sequences. The fv.« ^ -* 
represent the » X cDNA clone by 

— " 'eiing Z amplified - 

raaicectxvelv labeun, ^ ^amatively. 

screening a bacteriop g ^ genoBic 

to e labeled ^^^^ str ategies which may be 

t ry r - -3-^" L Ocular 
A usubel etal., * issocia «s and Wiley 

Biology, (lireei. 

Interscience, N.¥ • ) alQo be ach ieved 

tsolation of a human F1K-* uu.- --- _ 

„ nf a cDHR library in a mai.malo.an 
by construction of a cDNA ^ sv40 

expression vector Mhich permit Ugh copy 

origin of «P^" 0n ^ when tr ansferred into COS 
number egression of pla ^ o£ 

, cells. ^ e exp " SS10n ° f " dLcted in a number of 

me; cells may be detected in ^ 

transit- _ _ ^ K-1of , liaand such as v^r 

M ays, including *W -^Tradiolabel, fluorescent 

« a VEGF ^"^"^s pressing the human FUc-1 may 
label or an enzyme, cells ex P ^ JACS 

2S be enriched by subjecting transfected cells 

2S be enr activate d cell sorter) sort. 

(fluorescent active inventio „, F lk-1 nucleotide 

In accordance with th inven ^ ^ ^ 

^.^ir; . ^ aguivalents thereof 
m -l fusion Pr=ta-S = DHA molecules that 

Alternativeiy , nuc± in 
portions of the Flk-1 sequence may also 



IS 



20 



35 
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nuc laic acid hyhridi-tion assays. Southern - «— 

blot analyses, etc. genetic code, 

fKo inherent degeneracy of me g«» 
Due to the « subs tantially the same 

other DSA sequences which encode be 

us ed » the P^- e such DNA sequences 

'"I":"-: Thich are capahle o f hyhridiring to the 

rr — rrrrrrr^r- 

« OM , cecmences which Bay t»e useu 
stored OHA -^en 

dance with the »™» nucleo tide residues resulting 

substitutions of different n functi onally 

~« t-hat enCuuBj — — — 

in a aene prQduct itse if may 

equivalent: gene P — -~ _ ^^.^^ of amino 
L5 contain deletion^ ^£ ~ , which res ult in 

acid residues within the F functionally equi valent 

a silent change thu ^produ g ^ ^ ^ ^ 

m - x . Such aiaino acid suh solubi iity, 
basis of similarity in polarity, cnarg , 

nature of the reswu" „i.,*-s»mi e 

. <nolude aspartic aciu •** 

cn arged »™ ^ acids include lysine and 

acid; P°""~ ly a ^ r s 9 with unchar ,ed polar head qroups 
arqinine; ammo acids w ^ ^ 

» srss.. — ^ ycine - anaiinei 

following: leucine Conine; phenylalanine, 

asparaqine, » '^^uy equivalent F1K- 

tyrosine - „ inds t0 VEGF or fragments 

3 0 Lrlrt neceLrrily with the same hinding affinity of its 
counterpart native Flk-1- may be engineered 

The DNA sequences of the mventio vari ety 
in or L to alter the ttk-1 coding sequence for a variety 

^including but nor limited to alterations which 
of ends including b ^ ne product . 

35 modify processing and expressio 
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F or example, stations may be introduced using techniques 
which are well Known in the art, ^ 
m utagenesis. to insert new restriction sites, to 
glycosylate patterns, phosphorylation, etc. For 
5 example, in certain expression systems such « 

host cells may over glycosylate the gene product When 
usi ng such expression systems it nay he F^* 1 ^^ 
alter the F1X-1 coding seguence to eliminate any N linfce 

l0 ^Tn — t o £ the invention, the Fl*-1 or 
a »odified Flk-1 sequence nay be ligated to . 
heterologous sequence to encode a fusion protein For 

. .„ 4 „„ „( oeotide libraries it may be 

example , iui Bw.w»..— 3 - - _ 
F ' ...... nmrpin expressing a 

useful to encode a cmmexx,. — - - 

IS heterologous epitope that is recognx.- ~i - ---- 

available ^J^Z^ ^/d between ~ 

« * can be cleaved away fro. the heterologous 

20 m0iSt T ; „ ^ternate embodiment of the invention, the 

. _.. . _-..-,.> v.. =,7T>i-hesized in whole or 

coding sequence of rxK-x 

in part, using chemical methods well known in the art. 
see for example, Oaruthers, et al. , 1980, Sue. Acids 
2S r. symp. s/r. 7:215-233,. Ores and Horn, ISO Hue. Acids 
R es. .(X0I.2331I Matteucci and Caruthers, 1980, 
Tetrahedron Letters 21:719; and chow and Kempe, 1981, 
L. Acids Res. 9 (12,:2807-2817. Alternatively, the 
protein itself could be produced using ^ 
30 to synthesize the F1X-1 amino acid sequence in whole 
in Trt. For example, peptides can be synthesized by 
solid phase techniques, cleaved from the resin and 
purified by preparative high performance liquid 
chromatography. (E^, see Creighton, 1983, Proteins 
35 structure And Molecular Principles, W-H. Freeman and 
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Co » I. PP. 50-60). The composition of the synthetic 
prides may be confirmed by amino acid analysis or 
sequencing the Edman degradation procedure see 

creigbton, 1983. Proteins, structures and Mo ecu ar 
Principles, W.H. Freeman and Co., K.Y., pp. «-49. 

= , FXPRESSION OF Flk-1 RECEPTOR AND GENERATION 



20 



in order to express a biologically active Flk-1, the 
». nucleotide sequence coding for Flk-1, or a ™<£°£ 
equivalent as described in Section 5.1 « 
into an appropriate expression vector, i^, a vector 
which contains the necessary elements for the 

w<„n end translation of the inserteo CO—, 

„v-i oene oroducts as well as host cells 

15 r c r unrooted ■„ — * 

Flk-1 expression vectors can be used for a variety of 
purpose. These include but are not limited to 
gyrating antibodies U^, monoclonal or polyclonal, 
tnat bind to the receptor, including 
competitively inhibit binding of VEGF and "neutralize 

cumy _ • =oT prtion of VEGF 

.^^Hfv of Flk-1 and tne screeumy 

^;.r drugs that act via the Flk-1 receptor; etc. 

5.2.1. ESBESalSli ^VSTEMS 

Methods which are well Known to those skilled in the 
art can be used to construct expression vectors 
containing the Flk-1 coding sequence and 
transcriptional/translational control signals. These 
30 methods include in yiSM recombinant DNA techniques 

svnthetic techniques and in ^ recombination/genetic 
recombination. See, for example, the techniques 
described in Maniatis et al„ 19... Molecular Cloning A 
moratory Manual, Cold Spring Harbor ^ 
35 and Ausubel et al., 1989, Current Protocols in Molecular 
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Biology, Greene Publishing Associates and Wiley 
Interscience, N.Y. 

A variety of host-expression vector systems may be 
utilized to express the Flk-l coding sequence. These 
5 include but are not limited to microorganisms such as 
bacteria transformed with recombinant bacteriophage DNA, 
plasmid DNA or cosmid DNA expression vectors containing 
the Flk-l coding sequence; yeast transformed with 
recombinant yeast expression vectors containing the Flk-l 
10 coding sequence; insect cell systems infected with 

recombinant virus expression vectors (e^., baculovirus) 
containing the Flk-l coding sequence; plant cell systems 
infected with recombinant virus expression vectors ( e.g. , 
cauliflower mosaic virus, CaMV; tobacco mosaic virus, 

» j -c„~-~,^^ tji +-h ronnmhi nant nlasmid expression 

is inv ) ox. ti.QUi>j.uj.»«<-« - — — » 

vectors ( e.g. , Ti plasmid) containing the Flk-l coding 

sequence; or animal cell systems infected with 

recombinant virus expression vectors (e^., adenovirus, 

vaccinia virus) including cell lines engineered to 

20 contain multiple copies of the Flk-l DNA either stably 
amplified (CHO/dhfr) or unstably amplified in double- 
_-: ~,,-t-~ rhrnmnsnnes r e. a. . murine cell lines). 

The expression elements of these systems vary in 
their strength and specificities. Depending on the 

25 host/vector system utilized, any of a number of suitable 
transcription and translation elements, including 
constitutive and inducible promoters, may be used in the 
expression vector. For example, when cloning in 
bacterial systems, inducible promoters such as pL of 

30 bacteriophage X, plac, ptrp, ptac (ptrp-lac hybrid 
promoter) and the like may be used; when cloning in 
insect cell systems, promoters such as the baculovirus 
polyhedrin promoter may be used; when cloning in plant 
cell systems, promoters derived from the genome of plant 

35 cells ( e.g. . heat shock promoters; the promoter for the 
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™il subunit of RUBISCO; the promoter for the 
T^ro^Z a/b bindin, protein) or fro. plant viruses 
"tl 353 SNA promoter of CaHV; the coat protein 
J± & r of TMV) may be used; when cloning in mammalian 
promoter of TMV) y me of 

cell systems, promoters derived xr 

, . ,.n s fe^., metallothionein promoter) or from 
kalian cell adenovirus late promoter; 
aammalian viruses (e^, « ^ 

. 7.5K promoter) may De us»e , 

Tina ceirTines that contain nuitipie copies of the 

, ^TST^. -v- and vectors nav * — 

. . aaeous1y elected depending upon the use 

"" , " 7 Via „M expressed. For example, wu». 

intenaeo — -~ - be produced for the 

— -f? T^rrtTeTealL T^ie. -V >e 
^hCrrs inoluae but are not United to 
desirable *^ (RuUle r et al. , 

!0 ^^TmiT ^ *** «» coding sequence 

1983, EMBO J. 2.1791) , Tac 

, . into the vector in "au- 

ma y ue ^- " - - AS _ lac z protein is 

COd f g "TxK vec^s Xnouye . Xnouye, 1*35, Hucleic 
produced pD < ^ Reeke & schuster> 1989 , J. 

25 acids Res. 13.3101 jxu vectors 
Biol Chem. 264:5503-5509); and the like. pGE 

\ L used to express foreign polypeptides as 
may also he - s . transf erase (GST) . In 

^t^z — - e s ° iubie t can easiiy 

30 I! purified from lysed -Jj^ in ^ 

rriutathione-agarose beads foiiowea 

"esence of free g lutathione. The pGEX vectors are 
presence ^ Xa protease 

^ -es se tnat the cioned ^peptide of interest 
35 can be released from the GST moiety. 
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In yeast, a number of ^ 
connive cr inducible -""^^ Biology , vol. 

review see, ^^f^ e „l ^. — • < 
2 1988, Ed. Ausubel et al. , 

2 ' rh it. Grant et al-, 1987, 

Wiley Interscience, ch , ^ Methods „ 

session and Secretion vectc R _ y _ 

Eds lu> Grossman, 1987, 
Enzymology. Eds ' Qlover< 1986 , dna Globing, vol. 

VOL 153, PP. ■« and Bitter , 1987, 

a, XKL Press, Hash., »•»•/ «*• ^ Methods in 
Heterologous Gene Expression in Ye , ^ 

152, PP- 673-684, , » „ et al . , Cold Spring 

. iy8z. ^ J ■ 

saccrieu-tJiuj — — , - 

Harbor Press, Vols. I and ^^.^ vectors are used, 

in cases where pi«»«- . driven 

* Flk-1 coding sequence may be ox 

the expression of the Flk 1 viral 
by any of a number of probers, I ^ 
promoters such as the « ~ 31Q:511 „ 514) , or the 

CaMV (Brisson et al., 1 ^ atsu e t al. , 1387, 

0 coat protein prom at er o ^ alternative ly , plant 

««n t. 6:307-311) may be used, a ,r nruzZ i 

. _ .u- subunit or kubx— * 

rr"«" Brogiie et ai v 984 ' 

et al., 198*' c v,ock promoters, e^, 

Science 3« = 838-843, ; or he t e^pr ^ ^ ^ 

!5 soybean hspl7.5-£ or hspl7 . I constru cts can 

cell. Biol. 6:559-565, may be used. ^ ^ r . 

^^tr^cTors, direct DNA transformation, 
plasmids, plant vxru re views of 

microinjection, ^f^ m ^^^ch 6 weissbacb, 
3, such techniques see AMdemic 
1933 , Methods for Plant ^ , 

Press, m, section VIII, PP- aiackie, 
Corey, 1938, Plant Molecular Biology, 



London, Ch. 7-9. 
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» alternative expression system which could be used 

*" n%rr e nce .aToTcI^eo into non-essential 

1 Tons (foTe^pIe the polyhedrin 9 ene, of the vims 

r^r— — - r r v su s =:r t : r i 

^^ZZZZZZl ^ in .activation 
of the m-1 coding <^ duction of non-occluded 
of the polyhedrin gene P ^ prote inaceous 

recombinant virus (i^., vir 

„.h for bv the polyhedrin gene). These 

" „,.„ then used to infect SEOflES^ 

recombinant -- 9ene is jessed. 

I flaaiEKto ceils in """" ~_ 46;584 . Soit h, 

(E.g.. see smith at al. , 1983, J. 
~ e Pai-ent Ho. 4,215,051). 

^mammalian host cells a number of v ed^ 
session systems may . utl ise . ^cases^ ^ 

„ adenovirus is " to an aden ovirus 

codind sequence may be iig _,_.._„ the late 

. ...__„~.n«lation control comyie*, - 
transcrip^ -J" leader seguence . This chimeric 

P " Ten be Parted in the adenovirus genome by in 

g ene may then be - Insertlon in . „o„- 

,5 vilsa or in vivo re ^ Qr 

essential region of the vira , 

E 3, will result in a recombinant virus that is vi 

E3) win infected hosts. (1^3^, 

capable of expressing 1* ^ ^ ^ 

lively, the vaccinia 7.5K promoter 
30 81:3655-3659). A t ^ ^ _ ^ proc . 

„y be used (See ^ ^ e t al., 

Natl. Acad, sci. (USA) 79. "i 

«.«. J. Virol. 49:857-864; Pamcali et al., 1982, 
Natl. Acad. Sci. 79:4927-4931). 
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•~^£T£Z 1 -Ration Con and 
These signals indu m . 1 

adj acent sequences. In ^ adjacent 

— ' rTlnse^eTirrepP^e session 
sequences, "insert translational control signals may 

r^r i= - — — \r ion of ~ 

coding sequence U ^nserted — ^ 

Vitiation codon, must be p ^ ^ 

initiation codon must be in P translation of the 

„, the Fllc-1 coding sequence to ensure tr 

"". I;.. These exogenous transiati— 

entixc - variety oi 

, ^^^Hnn codons can be of a van j 

on may be enhanced by the inclusion o £ 
transcription enhancer elements, 
SEE^T^-i-. etc s .see Bictner et al., 

W87 ' "Td^il: TITst ce" str'ain lay be chosen which 

in addition, a « P .miences f or 

. ^ 0 **nression or tne ^_ 

.odities and processes the gene product in 
fas hion desired. Such modifications C^. 
„ gl ycosylation, and processing - ^ 

prod ucts - - -^r=eus tt have characteristic and 
protein. post -translational processing 

r^iro - :Us p «u : - 

ill can be chosen to ensure the correct 
30 host systems can ^ £oreign pro «in 

Edification and ptoces i^^^ ic ^ ^ ^ 

pTes the Tenular machinery for props, processing of 
L. primary transcript, ^cosylation. and 
„ p hos P horylation of the gene product may 
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— ^r^r^^- — r 

nor j.uny „rf.mrf For example, 

nroteins, stable expression is preferred. For 

11 lines which stably express the F1X-1 may be 
cell lines whl expression vectors which 

engineered. Rather tn hQSt cells can be 

contain viral «^ ^ ^controlled by appropriate 
transformed with them nromot er, enhancer, 

— ion rrcriSr r^r^^ 

sequences trans- P ^ ^ 

. - a 4- „ rrvnU TOr X - v*<i jr — 

axi<~~ - - „ lortlV e media. The selectame 
tben are swircn- _ fers resl stance to 
- ™ a -ricer in the recontDinauv. 

' ^ Election and allows ells to stably integrate the 

T d Into their chromosomes and grow to form foci 
plasmid into their ^ ^ UnM . 

0 lines which express the Flk 1 on ransduction . such 

wHlch respond to VEGF mediated signal transductx 

,4™ *™ narticularly usexux 

engineerea cen ^- 

screening VEGF analogs. including 
A number of selection systems may be used, xn 
Visited to the herpes simplex virus thymine 
IS but not Ixmxted to h ypoxanthine- 

kinaSe ^^^^r^ & S2YbalSki ' 

guanxne P*~*^ ^ USA 48:2026) , and adenine 

1962, Proc. Natl. Acaa. 

phosphoribosyltransf erase (Lowy. et al ».0. Cell 
,-„„ be employed in tk', hgprt or aprt 
30 22:817) genes can be em y r esistance can 

cells, respective ^ £or ^ which conf ers 

be used as the basis w Natl. 

35 ::::: sir. « r.;»T„ ^ — • —» — * to 



SUBSTITUTE SHEET 



• £ PCT/EP93/03191 



-21- 



. - ie acid (Mulligan & Berg, 1981), Pr°c. Natl, 
nycophenolic acid <«ui confer s resistance to 

Acad. Sci. USA 78:2072); neo, which confers 

• j /- iia rcolberre-Garapin, et al., 

1984, Gene 30:147) 

' „ d n^ely trpB, which allows cells to utilize 
'Tl In' Piece ^Tryptophan; hisD, which allows cells 

r^:/rt r - r — r; SA ( =»: - 

10 r^^'al— ; efwhich coders resistsnce to 
the ornithine decarboxylase inhibitor, 2- 

^i^DL-omithine, DFMO (McConlogue L. , 1987, 

Vm "_";._. „™,^ ea tions in Molecular Biology, — 
Xn: ltuxx ww~— 

_ - l . +. nv\T Of? - ) . 

15 spring Haroor — 

thpottfICATION OF TRANSFECTANTS OR 

. >, * e -ils which contain the coding sequence and 
The host <^l^ active gene pro duct .ay be 

identified by at leasr ro * ^ ^ absence 

™ ™™ K V hridization; (to) «w < 

DNA or unx™™ ■ asS essing the level of 

of .-marlcer" gene functions; (e) asseSS ^ g ^ 
transcription as measured by the expression of FIX 1 
transcrip detection of the 

25 transcripts in the host cell an , , 

gene product as measured by immunoassay or by 

biological activity. Drese nce of the Flk-1 

In r^ra in The vision vector can he 

"""I TZZlZ « DNA-RNA hyhridUetion using prohes 
30 detected by DHA DNA are honologous to 

comprising nucleotide seq portions or 

the Flk-1 coding sequence, respectively, 

deri Tn iV tne ronfapproach, the re— expression 
35 vector^t system can he identic and selected hased 
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nr absenC e of certain "marker" gene 

upon <rrrrz£Z»*~ - ivity ' resistance " 

^t^ic ^tsis^ce to nethotrexate, transforation 
miotics re (ormation in baculovirus, 

phenotype, occlusion b V «»«» is 

S etc.,- F ° r "^f^LTene sequence of tn. vector, 
parted vithl- ^ coding serene, can be 
recombinants containing marlce r gene function. 

Alternatively, a marlcer g or 

different promoter used MrJcer ln 

^ codi» g=C -^"^ lndiMtes expression 

" . T,_ - r,n,_i r-rviina sequence. ... 
OI ^ I^oach. transcriptional activity 

16 in me assas sed by hybridization 

assays. For example, RNA can d 

Tttlem blot usin, ■ ^« 
codinq sequence a"ds of the boat ceil .ay 

so r^: ^anr::Uea « « - 



prob*s» . 



In tbe fourtb approach, the expression « 

v« assessed immunologically, for 
protein "'^assays such as 

2 S example by Western blots, ^ lBnunoassays and 

radioinmuno-precipitation, 

- ^ TO VerTo^r it-Te detection of tbe 
expression system, however, rf 

. F1K-1 <3 ene product, a 

biologically active Fix y act ivity including 

k« need to detect receptor activity 
30 assays can be used to assa vs; and VEGF 

bu t not limited to VEGF binding assays ^ 
biological assays using engineered cell Lne 
substrate . 



35 
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5.3. OSES OF THE F Ik- 1 RECEPTOR 



10 



IS 
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a |in ENGINEERED CELu 
the arovth of new blood capillary 
TTsT^eHo a number of physiological 

processes r a n g ,ng f ^ ^ 

diseases such as rheum importa nt factor in 

the grovnm The refore, inhibitors of 

relv on vascularization. Thereror , 
relY , s mav >, 0 used therapeutically for the 
— _ _ „< ce ,* ses resulting from or accompany ~, 
treaTOeni - " T" vessels and for treatments or 
abnormal grow^a «. _ d ttmors . 

ffied " "l nis1: s or antagonists of angiogenesis or 
that act as agonist or 9 por 

vasculogenesis mediated By t „„,.„,, t2 ina 

__.<_*iv-l antibodies capaox* v 

example, t<( m _! 

the active of VEGF -Y anti bodies which 

junction. Additionally, anti Fl ^ 
• inrrv activity may be selected ior 
, ^ic ^'f^atlvely, screening of peptide libraries 
healing. "^^i^ soluble F1K-1 protein or 
wi th «=^ inantly .^ r F "- 1 protein say be useful for 

CE11 ^tlTof ^er aPeu ic molecules that function by 
identification of tnerap 

0 inhibiting the biological ^^1°'^^^ ce ll 
In an embodiment of the invention, engin 

h tch egress the entire Flk-1 ceding region or its 
lines which express tn utiUzed to screen and 

ligan d binding domain may be synthetic 
identify VEGF antagonists as well as g 
„ compounds, natural products, and otber sources of 
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• n« active materials can be screened 
potentially bio «x-l * ~ ve ^ ^ ^ 

in a ^; £ a 7" G T f h t0 m - x may be measured using 
inni.it bmdin °< ™* ^ as those 

standard receptor bind! g o£ agents to 

5 described in Section 6 1. ^ ^ on signal 

prevent or mimrc, the el sing cells may be 

transduction responses on Fl* ^ act ivation of 

measured. ^'.X. of second messenger 
TO-x Kinase actrvxty, Betabo lism may be 

» * r0dUCti r Cse assays ma y be performed using 

Zrttal Telbnigues developed for tbese purposes. 

- . . .r»«HTMC OF PEPTIDE ^^^r.TTJES 
- B andom peptide ^ 

support may be used to receptor or 

bind to the ligand binding * xte of J ^ ^ 

20 other functional domain. . * J , 54l M -4). The 

^nnlBl (L». K ' S - et ' vK.r a n e utic value 

, libraries may uav= * 

screening ^tical agents that acr w 

in the discovery of receptors tbrougb 

inhibit the ^"^^ receptor. 
2S their interactions wr«> th-* ^ tQ bind to 

identification screening a peptide 

the rlX-1 »ay be accomplished by 

iibrary with ^^/^ J t VJ, are described in 
f or expression -J^^VLU- recombinant full 
30 section 5.2-1 ^d may be depending on the 

iength « '"^f^ Fo r example, the Kinase 



35 libraries. 
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T o identity and isolate the it 
is necessary to label or tag ^ 

al Xaline ^^Y/^escent labels wbiob may 
other reagents such a * (pITC) , phycoerythr.n 

delude «-" s « in ^gatfon of any given label, to 
(PE) or rhodamrne. techniq ues tbat are routine 

Z "Z££Zr~Z~«- vectors nay 

cont aining ^ ^ anti body nay be 

^ j t ovist. xii© w r r - . -, • 

— __„.„,. taown in toe art in=^.., 

tagged usrng u» " ayes or colored or 

labeling with enzyme*, ^ 

^tic beads conjugate is incubated with the 

^ ! de library tor 30 minutes to one hour at 22'C 
random pept.de l^ary m . x and peptide 

to allow comply format,- ^ ^ ^ 

, species witbin the library. ^ 
.! ™«ve any unbound F1K-1 P™tern. *» 

. . nhosohatase or m t«-«- 

conjugated to - „ is poure d in to a petri disn 

peroxidase the whole 1 ^ ^ nna phos phatase 

containing a s ^ stra "* * 5 . broBO -4-chloro-3-indoyl 

2S or peroxidase, tor example = ^.^^ (DAB) , 

phosphate (BCXP, or 3,3 - ^ ^ 

respectively^ ^ oolor , and can 

peptide/soUd phase FIR physically under a 
he easily ident ^oLIipulator. « a 
30 dissecting ""-"^ nolecule h as been used. 

£1U T SC rmayTe isolated by tlucrescent activated 
complexes may * - expressing . 

* i' ous epitope has been used, detection ot the 

heterologous epitop accoBpU shed by using a 

35 P eptide/F1R-1 complex may 



15 



20 



SUBRT1TI1TF RHFFT 



WO 94/11499 



0 PCT/EP93/03191 



-26- 



10 



iabeled epitope specific antibody, once 

identity =f the peptide attached to the solid phase 

support may be determined by peptide «q»e~ 

I„ addition to using solubie F1X-1 molecules in 
» ot ber embodiment, it is possibie to 

bind to cell surface receptors using ^ °*" S 
use of intact cells is preferred for use with 
raptors that are multi-subunits or labi e ~ tb 
receptors that require the lipid domain of the ~» 
Tirana to be functional. Methods for generating ce 
lines expressing F1X-1 are described in Sections 5.2.1. 
^dsH The cells used in this technigue may be 

; 1 fixed cells. The cells will be incubated 
either live or fixed cell ^ 

with the random peptioe — — ; 

^rides in the library to form a -r— — — 
rirget cells and the relevant "Rafter be isolated 

, — ^ rairerat—oie cell assays for membrane 
bound receptors or receptors that reguire the lipid 
... - Q »hrnne to be functional, tne 

domain ot .. . a n^omes 

receptor molecules can be recons^u.eu — - 
where label or "tag" can be attached. 

5 

5 3 2m ^rannv pR pnn^TnM &ND SCREENING 
Various procedures known in the art may be used for 
the production of antibodies to ^ 

o recom binantly ^^^ l ^ ycloBalf monoclonal, 
include but are not limitea f i 
chimeric, single chain. Fab fragments ano fragments 
chimeric, s ssion library. Neutralizing 

rrries^ -e ^ compete for the V E CF binding 
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site of the receptor are especially preferred for 
diagnostics and therapeutics. 

Monoclonal antibodies that hind FIX- nay be 
inactively labeled allowing one to follow their 
T lnd distribution in the body after injection. 
5 ^SSiSr^U -ibodies nay be used as a non- 
ilsive diagnostic tool for imaging de -° 

• 4.<„n associated with a number of diseases 
vascularization * SS °"* MCUlar degeneration, and 

including rheumatoid arthritis, ma 
10 formation of tumors and metastases. 

j^munotoxins may also be designed which target 
atoxic agents to specific sites in the bod, , For 
hiah affinity Flx-1 specific monoclonal 

I... „. cnvalently complexed to bacterial - 
antmoci- ~, -- -- jf ^_. a tMlB< abrin or ricin. A 

plant toxins, sucu «= —r 

^ nreDaration of antibody /hybrid 

h as SPDP which attack the primary ammo groups 
Z entity' and by disulfide exchange, attach the toxin 
Z Z antibody. The hybrid antibodies may be used to 
soecif ically eliminate Flx-1 expressing endothelial 



15 



20 

ceils- 



C6ilS For the production of antibodies, various host 
animals may be immunized by injection with the Fix 
25 Tr-ein including but not limited to rabbits, mice rats. 
Z Various adjuvants may be used to increase the 
illogical response, depending on the 
including but not limited to Freund^s (complete and 
including alunin um hydroxide, 

inC ZTlCZslZl such as lysolecithin, pluronic 
30 surface active ides oil pulsions, Keyhole 

IZ^ST^ ^^ - — Tamd 
^an adjuvants such as BCG (bacille Calmette-Cuerin, and 
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Monoclonal antibodies to Flk-1 may be prepared by 
using any technique which provides for the production of 
antibody molecules by continuous cell lines in culture. 
These include but are not limited to the hybridoma 
5 technique originally described by Kohler and Milstein, 
(Nature, 1975, 256:495-497), the human B-cell hybrxdoma 
technique (Kosbor et al., 1983, Immunology W> '™ 
Cote et al., 1983, Proc. Natl. Acad. Sex., 80:2026-2030) 
and the EBV-hybridoma technique (Cole et al. , 1985, 
10 Monoclonal Antibodies and Cancer Therapy, Alan R- Lxss 
inc pp. 77-96). in addition, techniques developed for 
the' production of "chimeric antibodies- (Morrison et al., 
n98 4 Proc. Natl. Acad. Sci., 81:6851-6855; Neuberger et 

al 1984, Nature, 312 : 604-bua ; i^=- — 

, c wa -,ur ft - 314:452-454) by splicing the genes from a mouse 
antibody molecule of appropriate antigen specificity 
together with genes from a human antibody molecule of 
appropriate biological activity can be used. 
Alternatively, techniques described for the productxon of 
20 single chain antibodies (U.S. Patent 4,946,778) can be 
adapted to produce Flk-l-specif ic single Cham 

antibodies. _ . . . 

Antibody fragments which contain specinc 
sites of F1H-1 »ay be generated by known technigues. For 

2S example, such fragments include but are not limited to: 
the Ffab'h fragments which can be produced by pepsin 
digestion of the antibody molecule and the Fab fragments 
which can be generated by reducing the disulfide bridges 
of the F(ab-): fragments. Alternatively, Fab expression 

30 libraries may be constructed (Huse et al., 1989, Science 
246:1275-1281) to allow rapid and easy identification of 
■nonoclonal Fab f ragments with the desired specificity to 
Flk-1. 

35 5 .4. TTQPg OF Flk- T CODING SEQUENCE 
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sr.:;.':: r=r::. f r — 

. that include antisense RNA ana un» 
sequences, thatinc translation of 

expressed wild-type P1X-1. 

, r .,_ ber 0 f uses for the 
- — «t-» _-,rr have a numce*. - - -*• 

The FlK-x - - aberrant expression 

diagnosis of diseases r.^ — -__ rp mav ^ 

usea m e . Fik-l expression; e^., 

s= r,^r.;.:;.;.. - - 

hybridization assays. detect the 

^ e F1X-1 cDNA may be used as a prone 

_!^i. fhP Flk-l mRNA. in a specific example 
expression ^ ^ pllc .! mRNA in mouse 

apparent decide capillatie s F1K-1 mRNA vas 

in P ost - natald ^* enriched comp ared to total brain RHA 
found to be highly enriched J endot helial cell 

(FIG.2B), suggesting a role tor Flk 

^r:^ -e detailed information about - 

• „ of F1K-1 during embryonic development and 
session of ^ 1 ln sl tu 

durl ng the early J performed as described in 

r^rrn.Tn sr^ridUations demonstrated that 
35 Section e.J..*** 
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PUc-l egression in vivo during embryonic mouse 

is largely restricted to endothelia cells 
and their precursors (FIG- 3 end FIG. 4) . Fix 1 is 
^r«sed in endothelial cells during physiology! 
Jesses that ere characterized by endotheUel cell 
^Tuzeration end the temporal end spatial 
Lttem found in the embryonic brain correlate precisely 

development of the neural vascular system as 
aeslibed by Bar (1980, . Vascular sprouts orig.nat.ng m 
the perineural plexus grow radially into the 
neuroectoderm and branch there and these sprouts were 
Lund to express high emounts of Flx-1 mRNA (FIG. «. I" 
!!- nostnatal stages endothelial cell proliferation 

f,»-1 is expressed, whereas in tne 
is srm evx „ f a, vas0 ularization 

^irr^«^=^ cell proliferation 
parallels a decrease in Flx-1 expression. 

Also within the scope of the invention are oligo 
ribonucleotide seances, thet include anti-sense^ RNA ^nd 
DNA molecules and ribozymes that 
translation of Flx-1 mRNA. Anti-sense RNA and DHA 

. ^ «.„ ^ypctlv block the transia^iua — 

moiecuies av-v. ww - 

by binding to targeted mRNA and preventing protein 
translation. In regard to antisense DNA, 
riigcdeoxyribonucleotides derived from the translation 
initiation site, between -10 end +10 regions of the 

Plk-1 nucleotide seguence, are preferred. 

Rhymes are enzymatic RNA molecules capable of 
catalog the specific cleavage of RNA. The mechanism 
of ribozyme action involves seguence specific 
hybridization of the ribozyme molecule to complementary 
terget RNA, followed by a endonucleolytic cleavage, 
within the scope of the invention are engineered 

motif ribozyme molecules that specifically and 
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efficiently catalyze endonucleolytic cleavage of fl*-l 

RNA sequences. . . . . anv 

soecific ribozyme cleavage sites within any 

po J::T™ target are initially ~ ~ 

, L target molecule for ribozyme cleavaoe 

include the following sequences, GOA, GUU and GU 

identified, snort « ^^^L of 1 
^nucleotides corr espon - ^ for 

'"LreT^uctural eatures such as secondary structure 
10 the oligonucleotide sequence unsuitable. 

. *,h<litv of candidate targets may also be 

. ^ bt testing their accessibility to hybridisation 

evaluated by testing 4hn n,iri<>ase 

...«.>, elementary oligonucleotiaes, a,,, — - 

" Pr °To«antIT.nse RNA and DNA molecules and ribozy.es 
Both anr oreDar ed by any method known in 

of the invention may be prepared <=y y 

toe art for the synthesis of MA molecules. These 

include techniques for chemicaUy 
20 oligodeoxyribonucleotides well Known in the art such 

f or exampTe solid phase phosphoramidite 

ror «*o f MlBml iB^ mav be generatea 

„„n«is. Alternatively, - 

. transcription of DMA sequent 

^ Va toe an "sense RNA molecule. Such DNA sequences 
encoding *^£ B . wiae variety of vectors which 
" 1 rate Tul^e RNA polymerase promoters such as toe 

rTs^ poUerase Peters, —natively, antisense 
cDNA constructs that synthesize antisense RNA 
constitutively or inducibiy, depending on the promoter 

„d as a means c increasing^ ^ 
debility end ^ - e^ ^ ^ ^ sequences 

3S « ZZ- nucleotides « toe , and,or 3. ends 
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of the molecule or the use of phosphorothioate or 2' 0- 
me thyl rather than phosphodiesterase linkages within the 
oligodeoxyribonucleotide backbone . 

5 4 2 USE OF DOMINANT NEGATIVE 
5 " F 1W-1 MUTANTS TW GENE THERAPY 

Receptor dimerization induced by ligands, is thought 
to provide an allosteric regulatory signal that functions 
to couple ligand binding to stimulation of kinase 

10 activity. Defective receptors can function as dominant 
negative mutations by suppressing the activation and 
response of normal receptors by formation of unproductive 
neterodimers. Therefore, defective receptors can be 
engineered into recomcmant vi ia . — 

15 gene therapy in individuals that inappropriately express 

Flk— l . 

in an embodiment of the invention, mutant forms of 
the Flk-1 molecule having a dominant negative effect may 
be identified by expression in selected cells. Deletion 
20 or missense mutants of Plk-1 that retain the ability to 
form dimers with wild type Plk-1 protein but cannot 

.._ _i i i-rancriiirtion mav be used to inhibit 

function in oj-y» ui — - iv 

the biological activity of the endogenous wild type F~ 
1 For example, the cytoplasmic kinase domain of Flk-1 
25 may be deleted resulting in a truncated Flk-1 molecule 
that is still able to undergo dimerization with 
endogenous wild type receptors but unable to transduce a 
signal. 

Abnormal proliferation of blood vessels is an 
30 important component of a variety of pathogenic disorders 
such as rheumatoid arthritis, retinopathies and 
psoriasis. Uncontrolled angiogenesis is also an 
important factor in the growth and metastases of solid 
humors. Recombinant viruses may be engineered to express 
35 dominant negative forms of Flk-1 which may be used to 
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• u „ it the activity of the wild type endogenous F1X-1- 

vi^e «y be used therapeutically for treat-ent 
leases resulting fro. aberrant e*pres S1 on or 

. ^relsIoT Actors derived fro. viruses such. 
5 re trov^uses, vaccinia virus, adeno-assocrated v^rus, 
. bovine papilloma virus, may be usea 

nerpes viruses, or bovine p p ted cell 

* ^. *<=>iiverv of recombinant F1X-1 into u. 

for delivery o ^ thQSe 

luxation. Me^od wh recombinan t 
in skilled in the art can ^ 

1 ^1 vectors containing m-1 -ding seguence^ See, 
e^ple. the technics described in Maniat.s t a 

— i -laboratory Manual, <-oxu 

„ v „„d Xusubel et al.. 1989, <-ur«»- 
Harbor Laborer,, -~ publishing 

1S «^ ^^^^V.. Xlternatively. 

r^tTlx!iVole=.les can be reconstituted into 

rt* livery to target ceils, 
liposomes for aeiivety ^ ~= . . „ _ 

™» e ific embodiment of the invention, a 
in a specific emb ^ engineered into 

20 delet ^ ^nl ret o^a -tor. ^o clonal isolates 
* -recombinant retrovxxax 

. r,V.1 TM Cl.l and pLXSM MK-x x» 

designatea pw«» — i^vina the 561 COOH- 

piv-i receptor laclcing tae 

" "v;;rsr„=i»i™ „««„... .... ■>.« - 

35 the resulting tumor mass. Since Fix 
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* ui rtn H vessels, blocking F1X-1 
essential for formation of b ood ™» ^ 

cells, —-^rrt- - «-'«— as 
r^r^eceX on. — cells. 



10 



15 



i-act- between « 

u believed t- pW an .mporta - * ^ ^ tonorMl 

system c»« .„..„„ is an important coupon*..- 
proliferation or »^» 

of a number of diseases- ^ ^ ^ 

repression of mi endothelial cell 

development of the bram a ^ re ceptor 

proliferation ^ ^ 

involved in f ^ has been shown to be a 

, vascularization procese ^ e!tcluslv elv on 

_;j arowth E 3C . .. , i oOO 

aJ .^ - _ ^ N ^ Hen2e i, »-■'•. 

endothelial aaix 858) . cross-linking 

Biochem. Biophys. *es. ^J^^J^, as 

- bindln9 "TlTand S 1.10 respectively, to 

5 ascribed in section 6.1.9 ^ ^ ^ 

determine whether VEGF is 9 ^ ^ 

results indicate that Fl* 1 

VEGF receptor (FIG 9)^ invention , Uganda for 

In one embodiment or w _ ori 4. 

vi v i receptor itself, or a fragment 
J0 F1X-1, the FUc-1 rec * pt could be admi nistered 

. . ; ts VEGF binding site, 
containing its an d/or vasculogenesis. 

^ ^ to modulate ^^"JXx receptor or a 
— , ,j™inistration of tne 

For example, admmistra^ . uld 

^ : n , nn the VEGF binding site, couiu 
35 STuS^T -VEGF and inhibit its interaction 
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with the native Flk-1 receptor in vivs to inhibit 
vitn « vascu logenesis. Alternatively, 

angiogenesis and/or vascuiog ant ibodies or 

a viic-i including anti-Flk-1 antiuouj. 

Depending on the speciric <- 
u *Lnts may be formulated and administered 

l0 SS r/xocan, - - 

Pharmaceutical Sciences, ^ 

p*. latest edition. Sui«dx« — — 
I:!.,, ^nsmucosal, °^ intestinal 
iC ^";; ral delivery, including intramuscular, 

subcutan , icular , intravenous, 

intrathecal, d ~ e ^ Qr intraocu lar injections, 

intraperitoneal, intranasal, « 

"st to name a few. For injection, the agents of the 
on *av be formulated in aqueous solutions, 
20 invention may be comDa tible buffers such as 

™- e ferably in pnysxux^ , - - 

Hanks's solution, Ringer's solution, or puy=— 

known in the art. 

pppfpTOR ^"R VFGF 

The subsection below describes the cloning and 

The sun ciona _ Northern blot 

— es indicate " at Flk ' 1 1 

and in situ cross- linking and iigand 

expressed in endothelial 

binding experiments further indicate that 
35 affinity receptor for VEGF. 
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6.1. m&ttpt AT.S AND METHODS 
6.1.1. " nM * CLOJilNG OF Flk-1 
DNA extracted from XgtlO cDNA library of day 8.5 
n ouse embryos (Fahrner et al., 1987, EMBO. J ' 6:1497 " 
1508) was used as template for polymerase chain reaction 

■ v ■ t? if et al 1985 Science 230:1350-1354). 
(PCR; Saiki, R.K. et al., x** ... 



In an xnaepenuei^ »^ , n/ , etnatal 

cells that had been isolated from the braxn of postnata 
10 aey 4-B »i=e vas used for amplification (Kxsau, W , 1990 
!„- development of the Vascular system. Issues Burned. 



in: aeveiotimw.w — . 

Basel Karger 58-68 and SchnUrch et al., unpublished) 
Degenerated primers were designed on the basis of high 

a cid homologies within the kinase domaxn - 
i p.. 1989. Proc. Natl. Acad. Sci. 

15 all ^nx^—/ • 

U.S.A. 86:1603-1607). 

Full length cDNA clones of Flk-1 were xsolated from 
another day 8.5 mouse embryo cDNA library, which had been 
prepared according to the method of Okayama and Berg 
20 (1983), and a day 11.3 mouse embryo Xgtll library 

(Clonetech) using the ^-labeled (Feinberg, A.P. and 

v _ . _, i-»->.<:_n\ -5in-bD PCR 

^nictPin. B. 1983 Anal. fliocneiu. — * 

» w — 3 — — — — - - 



fragment - 



25 



30 



6.1.2. mott^P FMBRYOS 
Balb/c mice were mated overnight and the morning of 
vaginal plug detection was defined as 1/2 day of 
Station. For Northern blot analysis the frozen embryos 
were homogenized in 5 M guanidinium thiocyanate and RNA 
was isolated as -described (Ullrich, A. et al., 1985, 
Nature 313:756-761). For in situ hybridization, the 
e^ryos were embedded in Tissue-Tek (Miles) , frozen on 
th e surface of liquid nitrogen and stored at -70C prxor 



to use. 
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6 1 3 pREPAB&TIOH 0? P RO*^ 

, VJd 2619 bp of the receptor cDNA were 
The 5' -located 2619 dp R1/ 
, a in the P Gem3Z vector (Promega) as an EcoRl/ 
sub cloned xn the pG ^ ^ hybrid . 

BamHl fragment^ Th P ^ cDna fragment with 

ization was P^**^ hexanuc leotide priming 
a -* PdA TP (Amersham) by ran B. , 1983 

(Boehringer; Feinberg, A.P. and vog 

"^tTitt ^S»tl«» a single-strand antisense 
For an sit hybr ^ Risau 

DN A probe was - _ ^ _ 

(D evelo P ,ent ; 1991 11 ^ ^ ^ & ^ 

linearized at the 3 _ polyTaerase 

transcript was syn^n— _ nNAase (RNAase 

,^hrinaer). The DNA was aegraueu ^ ^ 

v " «-4„n Boehringer Mannheim) . 

free preparation, Boenrmg j$s 

cr ipt. a r^^- °™ ^ * ration with 

reVSrS : r^riOO bp in average suitable for in .xt. 
fragments of about 100 P ^ ^ 

hybridization, a high excess 01 p hydrolyzed 

1 . ... transcript was partially ny 

subsequently "«= *-— - fhs nro be was 

ta xoo BM NaOB for 20 minutes « ». -~ - ? - ^ 
neutralised with the^ same — -^J^ the 
. sepbade, =50 ==lumn ; ^ ^ ^ 

prepared with the same method. 

\ ~^~7p^Tas isolated according to the 
;0 Total cytoplasmic RNA wa qflCC hi (1937). 

acidic phenol-method of ChromczynsKi and Sacch 19 
aciaic y „ere electrophoresed in 1.2. 

Poly (A*) RNA aliquots were e Mole cular 

— l^rry'ruirt/ed^crid'spring Harbor 
3 5 -"Tis and transferred to nitrocellulose 
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^ c hleicher & Schuell) , Hybridizations were 
cranes < Schlel ^ er formamide , 5 x SSC (750mM 

performed overnight in 50% Den hardfs 
sodium chloride, 75mM sodium citrate) 5 x 
sodium poiyvinylpryollidone, 0.1% BSA) 

(0.1% Ficoll 400, 0.1% P Yv of »p-Random 

- — r Tllow d stringency washes in 

:T; d s D s : r 5 r; D rr 5 ;-c. y The exposed 

for 4 to 8 days. 

6 x 5 IN SIZS HYBRIDIZA TION 

Subcloning ^fixation and hybridization was 

^!llv performed according to Hogan et al. (198 6) 
essentially perron ^ ^ ^ 

no am thick sections were cuu ~ - --- __ 

ILl^. For prehybridization treat»nu ^ 

"TiT™ HC1 for removing the basic proteins 
5 with 0.2M HC1 tor r«iu ^ 35 S -cDNA 
* sections were incubated with tne 
performed. Sectio ^ contain ing 50% 

probe (5xl0*cpm/MD at 52 Nap04 (pH 

formamide, 300 mM NuCl, 10 mM Tris HC1 

. B -«u VOTA 0.02% FiCOll 400, 0-01% 
6 .8), 5 mM EDTA, 0.0 ^ 1Q% 

,o Polyvinylprolidone 0.02%^!^ , ^ ^ ^ 

HPrtran sulfate, a»« — — - • 

/ a * 81 5 mM EDTA, 10 Mm DTT a^ ""w - " 
N aP0 4 ( P H 6.8) , mM ^ jjTB2 film 

autoradiography, slides were c de velo P ing, 

i 4«« and exposed for eight days. Alter a 
emulsion and expo d ^midine blue or 

25 the sections were counter stained a 

May-Grinwald. 

6 x 6 PREPARATION OF ANTISERA 
The 3- primed EcoRV/Hindll fragment comprising the 
. of Flk-1 was subcloned m the 

30 ». C-^ina! a ml no * * ^ (smith , D-B. and 

fusion protein expression vector p 

! „ K S 1990 Gene. 67:31-40; Pharmacia). The 
Johnson, K.S , as describ ed and used for 

fusion Pro-in was purified ^ ^ ^ 

immunizing rabbits. ai« 
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wer e bled and the antiserum was used for 
iannunoprecipitation . 

„ , _ TRANSIENT EXPRESSION 

5 * rn c_i cells was performed 

Transection 0*^ x ^ ^ ^ 

essentially as * Gorma „ et al . (1989 Virology 

Cell. BioX. ^"«- 27 " ) c a e f ls were seeded to a density of 
171! 377-385,. B " efly s ' h ^ d 1S incubated overnignt in OHEM 
, n v in 6 ner 10-cm dish ana in>-^ 
10 1 '° Xl P l0 % fetal calf serum (Gibco) . 20 W of 
contaxnxng 10% fetal egalo viruS promoter 

receptor cDNA cloned into a cytomeg M 

driven expression vk^ — --- NeJiPO., =<> 

0.5 ml of 2 X BBS (28U »» — [ 

temperature^ The ale P ^ £or 1S 

a^d to the cells. For ligand binding 

hours at 37 °C under r .„ ved trom the plate and 

experiments, the cells were removed from 

20 treated as described below. 

. TTr ,^ w ,-^nriitioned media, cexx= 

To obtain „ rt n ee ted after 

* in 15-cm dishes, neaxa — 

W T «. p-**» u * E,url£ied by a££inity 

48 h and VEGF was p columns 
cbromatogxapbv using = (Ferra ra, 

» <^ aCia ' » \Tl 89 TocbL. Biopbys. Res. comm. 

""ITst Tbe' concentration of vscr was determined 
161:851-858) . T bov . ne aortlc 

by a ligand competition assay 

endothelial cells. seeded in 

F or autopnospborylation assays «^ as 

. v_ nvin i cells per well), transitu 
6 - U ell dishes (2X1 eel . V ^ ^ containing 

ascribed above, and starve ^ ^ 

0.5% fetal calf serum be ^ ^ 

50 o P M VEGF for on - 7 =^ ^ ^ ^ 

3 5 were subsequently lysea a 
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;«-;+-a-ted with an antiserum 
.kms. PUc-1 was immunoprecxpitated wiui 

SS'J— — tbe c-terninus - * 

polyacryx^e g el Jans M 
s incubated vith a nouse »o ^ ^ _ ^ 

against p«;f; s ";. E 5 ;. F "£ y Min band s «ere 

«— ReSMrCh "i'sldisn peroxidase coupled coat 
10 system. 

6 x 8 T^nrnrnnTNATTON OF VEGF 

r, ,« ,,rr. onerously provided by 

Recombinant human v«« - „ hnsohate 

nt- . H. Weich) was dissolved xn xxu ,x — _ 

is buffer P H 76, and iodinated by the proceed «. — - 
and Greenwoo; (1962). The reaction products were 

!!d from the labeled protein by passage over a 
separated from the d with phoS phate 

M - hadex G50 column, pre-equnA«« 

T « saline (PBS) containing 0.7* bovine serun 
buffered saline collected fractions 

» albu-ain («,. and a ^ ^ ^ m 

were coun^u — .. . ^ vitiated oroduct 

,S cpWn, Tbe --^7^"^ of native 

confined f ntroduction assay scribed 

VEGF usxng the txssue 172 - 153S-1545) . 

« of al (1990 J- Exp. Med. 172.XO.J3 
by Clauss, M. et al. 

6 x 9 cBOSSLiaKiHS, at Tn Flk " 1 ' 

30 cos-1 ceils transiently expressing FUc-l and 

'sfected COS-I cells were incubated with 200 p. -1- 
™ To overnight, then washed twice with PBS and 
r oS ed to 0.S m* disuccinimidvl " " 

, h «*■ 4«C The cells were lysed, Flk 1 
35 for l h at 4 c. j>" 
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i^unoprscipitated, and analyzed by ^°^ S °" * 
"pol^rcyl-W gel followed by autoradxography. 

6.1.10. V£S£ HTMDING 
Li gand binding 'experiments were performed as 
described previously (Schumacher, R. et al.. 1991, - 
eirlhem 266:19283-19295), 008-1 cells were grown in a 
l^cm cutLre dish in DHEM for 48h after transf ectxon^ 
15 cm cuicur carefully with PBS and incubated 

Cells were then washed carefully 

5 ml of 25 mM EDTA in PBS for 10 mm. Cells were 
wl th 5 ml of 25 once b . nding 

•then removed from tne P J - C1UC ' 

^« e r (DMEM, 25 mM HEPES, P H 7.5, 0.151 gelatm, and 
buffer t» h . nd . na buffer t0 determine the 

resuspenaeu xu - - - -- - ceU 

cell number. In a toca, --- ^ 

conditioned media of COS 1 

vvgf (164 amino acid form; Breier et al., 1992). 

\ t!L cells were washed with PBS 0.1% PBS in the 
' "!T t n "' nd was removed by repeated centrifugation 

COXU. PinallV. the "^I 

and resuspension in Dxnaxny — • 

radioLtivity bound to the cells were determxned xn a 
radxoactxvxcy obta ined were analyzed by 

gamma counter (Riastar) u 

* ^ Munson, P.J. and Rodbard, D. (1980 Anal. 



25 the method of Munson, P.J 
Biochem. 107:220-235) 



6.1.H- 

OF Flic- 1 



RETROVIRAL VECTORS ENCODING 

Sdominant-negative mutants 



Recombinant retroviral vectors were constructed that 
contained the coding region for amino acids 1 through 80S 

r~r v piv-1 cl.l and cl.3, Figure 
~f the Flk-1 receptor (pLX FIX l ci.i 

of the UK r * nine a truncated c-fms 

12). A recombinant virus containing a _ 
recep^r mutant (pNTK cfms TM cl.7) was used as a 
35 control- To obtain virus producing cells mouse GPE cells 
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u.^nhir virus-containing 
4„*«^i-pd with amphotrophic vitu 
were infected vi f ^ been 

conditioned medxa of PA317 cellS DNA. C6 

^L r S^ Ranted into nude mice 

gliobastoma tumor « virus produ cing cells, 

either alone or coa*pl-*^ ^ sets of experiments are 

Inj ected cell numbers f « J**^ yhen ^ first 

indicated below. Beginner at the ^ ^ ^ , 
tumors appeared, tumor volumes 
days to obtain a growth curve. 



10 



Experiment No. 1 




30 



3S 



6.2. ESSULXS 

6 2 i. ISOLATION OF FlKrl 
TO id ent if y «-t «e expressea^rin, — 

* pcr assays using two degenerate 
development, designed on the 

ba " S If RTKs were performed (HenKs, S.K. «t .!•»••. 
scien ce 241.42 52, R _ et al ., 

library of day »•=> 
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, *.1A97-1508) , a stage in mouse 
Tnt at -hi h »„ differentiation processes begin 
development at vmc j assa ys. In a 

s as used as the template^ the ^ rtKs 
pareliel approach with the in ^ ^ ^ 

endothelial cells ^ ^ ^ ^.^ farain 

of postnatal day 4- ' iffial (Ro bertson, 

endothelial cell Res . 23:21 9-223). Both 

P.L. et al., 1985, Devel. Brain R ^ 
poaches yielded — J^J^ RT K, «-l 
encoding the recently ^ Acad . Sci . „. S .A. 

Matthews, W. et al. , " fchig 

nn ,., Based on amino acia ^ - - 

„« . omfi-9030 1 . IJaseu. . otvc 

oo.v +-vtae III SUDCiat.3 wa. 

, receptor is a member of the type , liaos . 2 ») 
(Dl lrich. A. and s=hle=s,nger J. 

-. ^--ir -related to human 
and is =lose.y "let ^ ^ a xtracelluler 

seven immunoglobm-1 iKe P subfam ily, which 

dom ain in contrast to (""thews. ». et 

o contein only «i» «^ ^ ^ 88:9026 . 9 o 3 o, . 

al.. 1991, Proc. — - _ r^^an. B.I. et 

' . _ jr -p-i v — 1 Wltn rv-uxv ^ ■»• — ' 

sequence ^""^t^,,,, a nd TKr-C (Serzani. K. 
el., 1991, oncogene 6.167 186:7 06-714) 

" ^'theslTre rXan^d rat brogues of 

15 suggest that these 

Fllc-l. respectively (Fi^re 1). 

. _ cowards the elucidation of the 

As a first step towa session of F1K-1 

^^n"^ ouee enbryos at different 
■» U " analY " d s Northern blo t hyhridization 
d evelopnent J^dant axpr9s sion of a Mj or 5.5 

experiments 18 . 5 , with an apparent 

3S Kb mRNA between day 9.5 and a y 
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10 



the end of gestation (Figure 2A) . In 
decline towards the * aries plX -i mRNA was found 

dav 4-8 brain capillaries rx* 
postnatal day _ roiaoar ed to total brain mRNA 

to be highly enriched compared to 

(Figure 2B) . vmor . ents were performed to 

rn situ hybridization experiments were v 

detailed information about the expression of 
ob tain more al stages . A single- 

m-1 *^. to£f ^J. B ^ 1 . otld .-long DNA probe 

prob e heca.se iterated - ^ r - asagittal 

„ yb ridi 2 ation u shown in Fig ure 3. High 

section of a day 14.5 embryo s ^ 

- Miration weio 

levels c — meninaes; other tissues soon 

the heart, the iun„ — — to contain tewer 

t ; wr and manaiuxc a^-. 

as brain, liver, an eWs of F 1X-1 



20 



ec<: : na F1K -1 mRNA. Thin stranas ^ — - 
ce us £ observed in the intersegmental 

expression were also surfa ce ol 

regions of the ^"^/^ £icatim revealed that 
atriU m and the aorta^ « ghe ^ „ 

^.rr.^ vesseis. closer examination of the 



25 



uxxo — vesse , s . closer examination — - 

.,.mmes and blood vessels. ; . fha 

, _ „u™rt positive signals onxy — 

h eart, for endothelial lining of the 

ventricular «P^~ ^ ^ expression was 

B uscular layer (Figure 4C) . 



30 6.2.3 



35 



n ^ec^d7rm in the telencephalon of a day 11.5 
The neui „,,_. the first vascular 

;^ i aroelv avascular; tne lusi. 
B ouse emhryo u larg Xy ^ ^ oriqinating 

sprouts begin to radiaxxy 
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v 1988 Dev. Biol. 125 = 441-450). At this stage, «pr~ 
slon cf'm-i was high in the perineural vascular plexus 
Id in invading vascular sprouts, as shown *J^£ 
These in situ hybridization analyses indicated that the 
These in ce lls of an angiogenic sprout 

proliferating endothelial ceiis 

Lressed the Flk-1 » da * 14 - 5 ' **" * 

is already highly vascularized numerous 

r adial vessels as -ell as branching vessels of the 
intraneural plexus contained large amounts of FIX 1 W 
^^Tkl At postnatal day 4. when sprouting and 
naoTelial'cell prolif oration is at its 
session of Flk-1 -A -.^^J^^TL. 
cells trxgur- — - - ; __. on was very lQ w 

angiogenesis has ceasea, fJ *-* -r- ------ ^ 

fFiaure 5D) and appeared to be r«rcrxuu«. — - 
(Figure ou; r ch0 roid plexus, cells 

ehoroid plexus (Figure 6). In the chor P 
in the inner vascular layer expressed F1X-1 bRNA, 



10 



15 



epithelial cells did not (Figure », 8). 

The embryonic kidney is vascularized by an 
, angiogenic process (Ekblom. P. et al » • , « 1 Diff. 
.. .. ,„> r.lomerular and peritubular capillaries 

xx.jj '' .... ..n.ii.i ™ni-ohooenesis. In 

develop synchronously wren — --- - 

postnatal day 4 Kidney, in addition .to other 
capillaries, prominent expression of Flk 1 was 
« in the presumptive glomerular capillaries (Figure 7A> . 
" Lri^ression persisted in the adult kidney (Figure 7C 
Ind D, and then seemed to be more confined to the 
TlLLlar compared to the early postnatal kidney. 

e. 1 4 Flk-1 EXPRESSION IN 

To investigate the possible involvement of Flk-1 in 
the early stages of vascular development, analysis of 

t different stages during blood island formation 
35 :«rperformed. In a sagittal sect.on of the deciduum of 
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-iv.!. expression was detected on 
. day 8.5 mouse embryo, ml «P ^ yoUt ^ 

vernal blood vessels in _ also found in 

- in «» ^^"tbl embryo, mainly looated in 
«- allM,t " S rLsenchU is found (Figure SA> . At a 

• «»* ^ ^"atton of tn. maternal deeiduum, bigb 
higher magnification o toe inner 

iining of blood vessel , ^ hybrid ization 

cells (Figure •> • • *> J Besod ermal layer, in v*ich 

» si^ls were con ned o ^ 0 

to e heaangioblasts dxf Ba g n if ication, in which 

— V^/t^sts^pressed a big, level of FIX- 
the peripnerax 



1 mRNA. 

15 



r esults and comparison ^ ^ ^ ™ opBent ^ 
reported by Breier, 0. e expression 

20 532) revealed a ^^^In in tbe glomerular 

Furthermore, Fix l expt , = n s 

P 1 " 0 "" """" surrounding epiu>="" 

endothelium and ~ " Development lx4 : 521-532, raised 

(Breier, G. et al., 19 . relationshl p between these 

the possibility of a P a » c " liga nd-receptor 

relationship for VEGF lengt h Flk-1 cDNA was 

to test this Wotbesis. ^ pCMV , „hicb 

elements of the buman 
contains transcript ^ ^ ^ virology 

30 cvto^aXovirus ^ ression of the receptor, 

X71: 377-385). Fo tr tran sfected into 

the Flk-1 expressing plasmid 

cos-l fibroblasts. rtk was 
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experiments. Purified "I-labeled VEGF -a, incubated with 
S-l cell, transfected with the pCMV-FlK-1 expression 
vect r crosslinxing with OSS and subseguent analyse , of 
^precipitation. PAGE, and autoradiography r revea ed 

• , B iv 220 kD band which was not detected in 
5 an approximately 220 KD nan 

t*. control experiment with untransf ected COS i cell 
U l^ely to represent the VEGF/Flk-1 J^,^ 
(Figure 9A). In addition, VEGF competed with I VE 
(t-igur , -vorMsin g cOS-1 cells (Figure 9B) , 

binding to Flk-1 expressing v.u bjt-vegF. 
., wh ereas untransf ected COS-1 cells did not him ^1 J** 
The interaction of VEGF with the receptor oh "ansfecte 
cells was specific, as POGF-BB did not compete with 

. . , , ffiT-uccF. Analysis of the binding data 

_ -.o-»o m Quaaestinq that F1K 1 is> 

revealed a Kd. or acuuw 

1 „ mu; ^ *4nrfina. toq ether 

15 high affinity receptor or v«« - — ----- - " 

wiL the Flk-1 and VEGF in situ hybridization results 
strongly suggests that Flk-1 is a physiologically 
relevantly receptor for VEGF. 

An autophosphorylation assay was *^* *> 

2 0 confirm the biological relevance of VEGF 

cells which transxently expressea 
U1V.1 rsceDtor. COS1 ceiis 

, ._ n9ma ^ nn1 .^ n i na o.5% fetal cair 

Flk-1 were starvea x» - 

serum for 2*h, stimulated with 0.5 m* VEGF^nd £ d. 
The receptors were immunoprecipitated with the FIX 1 
The rec P ant ibody CT128, and then analyzed by 

25 specific polyclonal antinoay 

SDS-PAGE and subsequent immunoblotting using the 
antiphosphotyrosine antibody 5E2 (Fendly, et al " 

antipnospn y en- i 550-1558) . A shown in Figure 

1990 Cancer Research 50.1550 « 

VEGF stimulation of F1X-1 expressing cells led to a 
3. significant induction of tyrosine phosphorylation of the 
180 kD Flk-1 receptor. 



35 
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The Ftt-1 receptor is believed to play a major role 

^ ^othesis. tumor -^J^^^E. a 
mouse cells producing a recombinant re * rOV1 ^ 
seated m-1 receptor were mixed 
10 subcutaneously into nude mice. The planted C6 
g lioblastoma cells secrete VSGF ^ 
activate the FIX-l receptors expressed on the surface 
.^^K-n-i ceils, in the absence of any 

m ouse end othelial cells will 

inhibitors ot vastu^^ — 

. . 3 _ 4-v,o Mimnr cells. 

: ar c -Uectea wit. cells producing recount 
Tetrovirus encoding the dominant-negative m-1. the 

^IrleUal cells growing towards the implanted tumor 
^ n bile Infected 1* recombinant retrovirus 
""h mav result in dominant-negative F1K-1 -tant 

." , nf endoaenous Fllc-l signaxx.^ . 

expression ana - 

«i on of endothelial cell proliferation and 
^ roHill Lsult in failure of the implanted tumor 
JL to become vascularized whi* > - X I ^ 
inhibition of tumor growth. As sftown y 
T tLor growth is significantly inhibited » m.ee 
giving implantations of cells producing truncated PI. 
X indicating that expression of a truncated FIX 1 
receptor can act in a dominant-negative manner to xnhlb« 
fh- activity of endogenous wild-type Flk-1. 
^ ^.re present invention is not to be limited in scope 
by the amplified embodiments which are intended a^ 
illustrations of single aspects of the invention, 
clones, DNA or amino acid sequences which are 
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functionally equivalent are within the scope of the 
invention. Indeed, various modifications or the 
invention in addition to those described ^rern «11 
become apparent to those skilled in the art fro* J» 

S fore^ description a " d drSWln9S - Tot 

.^cations are intended to fall within the scope of 

the appended claims. 

It is also to be understood that all base p 
gi ven for nucleotides are approximate and are used for 
10 purposes of description. 
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SEQUEHCE LISTING 



(1) GENERAL INFORMATION: 

r<i APPLICANT: Ullrich, «t *1 

(1) APPLICANT FOR VASCULAR 

TITLE OF XNVENTIO^FIK-lIS A RE 
ENDOTHELIAL GROWTH FACTOR 

(J.U) NUMBER OF SEQUENCES I 2 
( iv) CORRESPONDENCE ADDRESS: 

1 ' (Ai ADDRESSEES Penxae * *T~ h Americas 
IB) STREET: 115S Avenue of the Amer 
(C) CITY: New York 
ID) STATE: New York 
(E) COUNTRI: 0-S.A. 
<F) ZIP: 10036-2711 

(vi COMPUTER READABLE FORM: 

(V) < A) MEDIUMTTPE- 'J^g^ttU 

( D ) SOFTWARES r«w— — 

,•0 CURRENT APPLICATION DATA: assigne d 
x ""' (A) APPLICATION »«"^-L3 

(B FILING DATE: 03-MAR-19" 

(C) CLASSIFICATION: 

i?; TELEX: 66141 PENWXr. 
(2, IKTOBMATIOa FOR SEQ ID SOU* 

fBl TYPE: nucleic acj-d 
C, STRAND EDNESS : unknown 
(D) TOPOLOGY: unknown 

MOLECULE TYPE: DNA (genomic) 

(Lx) FEATURE: 

(1X) (A ) NAME/KEY: CDS 

(B) LOCATION: 286.. 4386 

— ~: r= — - 

GCGCTGCGGG GGCCATACCG CCTCTGTGAC TTCTTTG 

qi IRRTITI !TF SHFFT 



60 
120 
180 
240 
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CKIC<:OTA c^cKCec TCX^CCCCX «—« — SSS 

^ ___ ccc CTC AGC 

20 _ «rr cTT CAG ATT 

sssssssssssss-'s 0 ' 

70 w . agg gtg gtt gga aat gat 

ACT ATC TTC TGC AAA ACA — ~ Q ^ V al Val Giy — ~* 

Ser lie Phe cya ny» »a 

100 TTC RTC GCC TCT GTC 

s s s s i a s s a I " " ~ - s ™ 
s s a s s s s s 1 s = s " a - s 

___ ~»v* iaT GTG TCT CTT 

- S g S S S 5 I 5 - = = S ~ - ~ 

150 ~-n -v. GAT GGA AAC AGA ATT 

= 5 S S S S S5 S £ £ i S S S S S 

- - ?? sr. s s s s s s s a I - = 

Gin ser He Het Tyr ^ 

rar /—r» TCT GCC GGA GAA AAA 
rrr CCG CAT GAA ATT v,AG iw G lu Lys 

GT ^ ££ Ser So Pro His Glu He Glu Leu ser Ala y 
Val He Leu s>er " 

230 rrc AAT GTG GGG CTT GAT 

- « r k s« ~ s a s ss s s - «» - « 

Leu val Leu Asn Cys ^ 25b 
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XTT OTA 11 

Pb e Thr Trp Hi.* Ser 27 0 

260 r r-c XAC ATG TTT TTG 

Asa Arg 280 1206 

- ./~* r»C CAA GGG GAA TA <- 
o»x ACT GTG XCC AAG *BT CAC G lu Tyr 

-SSSSSSSS^-g - - - - 3»S 

310 ™. ear HOT 00G «= «* 

Val Arg Val Hi» 330 

325 „~ cga AT C CCT GTG AAG iJ3 

--as s s s s - a g a « - ~ s 

Ser Leu Val 34S i3gQ 

22 ?2 S Wr-Pr° M. Pro UP: S5 - 

- t J* ,: " i — : 360 - rr aTC i4 "° 

, r_r.r. GAT GAA CTC ACC ATC 

« « s f S »» S5 - K Bi «i «v »» «- «■ T " - 

m II. «1« S« 380 ^ 

. ,r. EM OCA CCA AAC t« » «J *™ wo The 

£ SS S £ » S S - .« - - - s 

390 rTC TCI CTG GTT GTG 

- - if. S S S Si - S S5 S I - - - - 

Ann Ile Ser 410 M , 1S90 

40S • . »Tf TCG CCT ATG GAT 

,.TTGGt GAG AAA «w — ser Pro Met A6 ? 

*** 52 So P« £n l"le Gly Glu ly. — " 

Aan Val Pro «o ^ l6 3£ 

ser Tyr Gin Tyr Gly T 445 ^ 

n «C ATC CAG TGG TAC TGG CAG CTA GAA GAA ^ 
- ««i r~rr: CAC CAC ai*- tctj Gin w v * i _ 

.SSSS S. Hie Xle Gin Trp Tyr Trp 

r GGC CAA ACA AGC CCG TAT CCT TGT AAA GAA TGG 
TGC TCC TAC AGA CCC GGC CAA A^ ^ prQ Tyr A la Cys X* 
cys ser Tyr Arg Pro * y 47S 

470 ~ GAA GTC ACC AAA 

, TTC CAG GGG GGA AAC AAG ATC GAA GT Lyg 

s - s a s - is Gly Gly A8n LyB a 

^ Sn ?vr S "a He «1» ^ly uys M« LY q Sl5 
ABn Gin Tyr «■ SQ5 

S00 _ TJvC AAA TGT GAA GCC ATC 

s s s s s s != = s i - - - 01u « Ile 
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1926 



Gly Pro Glu He Thr vai vx» 560 
5S0 

sssssssasssssss 2 

565 

- S g = S S 2 S S S S i 2 52 

„„ « === « « - - S5 25.2 SL2-S=22 

Gln.Aan.Al^r^u.«xn.^,^« - - 640 

„ rrr. CTC AAA CAG CTC ATC ATC 

s 2 2 2 2 2 i " ; 7,1 a 01 " " u Ile ll " 
s a 5 s a s s s s s s = = s - i 

„ rr> TCT GGA AAT 

s s s s s s s a 55 1 s ~ - " r « y ° - 

680 

are CTG GTA GAA 

— ran ATT ACA TGG TTC AAA oav, «m. -y- ~ - ^ Val Glu 

S Thr Pr*o Sa II- Thr Trp Phe ? yj ~„ 70S 

695 

5 S S K 2 = 2 2j S - £ ^ i - & - 

a s 5 2 s 5 - s s s a 2 s s 2 s 

725 730 

CK CIT GGC TGT OCX J- £ -J g « £ S S 2 2 Sj 
Val Leu Gly Cya Ala Arg Ala <- 7SQ 7bs 

740 -~ r-rr GGC ACT GCA GTG 

« ~ MO if S5 s ss 2 2 £ S 2 2 «. - v,! 

Gin Glu Lya Thr Aan Leu ^ 7 7U 

760 

,„ rT — T GTC ATT CTC CTA CGG ACC GTT 

„ «C » TT= TT= » £ S S £ 5 «1 — «| T " " al 
He Ala Met Phe Phe Trp lb» 785 
775 

- rrr TAC TTG TCT ATT GTC 

s s s s a s a 1 2 2 ss 2 - - « - 



2166 



2694 
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S5S5SSS=SSSB a5SS 

820 . «r x« GAG G« CAC GCT 

sssssssssa as —s» 
=B saaB=s*=s=S ssa 

870 ^, — e irt GTG GTG AAC CTC 

- nc ATI GGT CAC CAT CTC AAu: Leu 

s< e ss s s s oi, - - - v " val 

^ «ox GGG CCT CTC ATG GTG ATT GTG GAA 

CTA GGC GCC TOC ^ — oLy Gly Pr o ^ — 915 

Leu cxy -j g ^ s 

a no . «/» &vr 

CGC CAG GGC AAG 

^ TXT AAG AGC AAA GCG CCA CGC TTC GLy 

GAA TTT GTT CCC TAT Gly Ala Arg Pne 

Glu Phe Val Pro Tyr Lya s« g4Q 

asasa==S= =sa S' sss 

TfTA GGC TTT GTT GAG GAG AAA 

s s e s ss s s = - ~ * s ~ - - - 

965 TCT GAA GAA CTG TAC AAG 

ssssssasasss** 

980 , r ~ TTC CAA GTG GCT 

^ ACC TTG GAG CAT CTC ATC TGT TAC AGw W CAJ ^ ^ 
SS 52 5 tS S^Glu Hi.. X- lie Cy; s Tyr 

_ r car AGG GAC CTG 

s s s s s s s = » s 5 5 8is ~ 

1015 Mr XAC AAT GTG GTT AAG ATC TGT 

- •? s £ s - a - - - S Vil isr 075 

Ala Ala Arg Asn n« 1Q35 

1030 „„„ - rr GAT TAT GTC AG A 

- TtC « « « S « S S E - I ~ ^ 
Asp Phe Gly Leu Ala Arg aV q 10 S5 

1045 



2742 
2790 
2B38 
2886 
2934 
2982 
3030 
3078 
3126 
3174 
3222 
3270 
3318 
3366 
3414 
3462 



1045 ~-r atc GCC CCG GAA ACC ATT 

- - « A? S E S S S 5 SS P« Clu Tnr lU 

Ly8 Gly Asp Ala Arg Leu^ 1Q70 
1060 



3510 
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SSSSES5 S = » SS = 5S * S 

- ss s s ss s - s Ir = - 2 ^ 

1140 - -» r cag GAT GGC AAA 

s s = ss ss ss s s ss s. «. s - 

jnj - ---- if G GAA GAG GAT 
ftT A „ ^ CTT CCA ATG TCA GAG ACA CTG AGC ATG ^ ^ ^ 

civc TAT ATT — * vj_*- Giu ii". " eu - 1 1 dc 

* 8 p Tyr He Val^eu « llW 

„„_ _ rr A TG GAG GAA GAG 
~ r.CT GTT TCC Tfci . . nt„ r.lu 

S SS S S S S - s " <*• 55." 

1190 „„„ , rJV gca GGA ATC AGT 

£ S SS S S St SS S S S - «- - 

1205 »«■ «US CCA GTG AGT GTA AAA 

s s ss ss ss ss s ss s ss v. — Ss 

1220 ^ ^ r.*A GTA AAA GTG ATC CCA 

» CRT ATC CCA TTG CW» — Val Lya Val 

Thr Phe Glu Asp lie Pro 1245 

- ^-r rra TCA GAA GAG CTG 
*™ rAC AGT GGG ATG GTC CTT GCA TCA to Leu 
GAT GAC AGC CAG ACA GAC AGT Leu A la Ser Glu^ 

Asp Asp Ser Gin Thr ««P 1260 

.rr-r TTT GGT GGA ATG 

£ S SS £ S 5 S S3 5 S s« ~ - 
S S S5S S S SS S S S S3 S S S 

128S nc ACA GAC ACC ACC 

ACC AGT GGC TAC CAG T f GGG TAT CAC TCA GAT GAC ACA ^ ^ 
?Sr ser Cly Tyr Gin Safely Ty ul0 



1315 

1300 1305 G AT GCT GCA 4278 

- - rs ss ss & ss & s ss »« - - 

Val Tvr Ser Ser Asp « 132S 

1320 TTA AAT 4326 

gtt c* « «= s « « s SS S SS S SS 5j f - « 

Val His Ala *»| s Ser Giy 1340 
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4374 



1350 1J " 4426 

AGA GCT CCI GCT »«» —™« 
Arg Gly Ala Ala 

l -T-rTcx ttttcaxtti tgcaggaggg acctcagact ccaaggagct tgtcctcagg «« 

CCACATTTGA TTTTCATTTT CTTTTCCATT 

aasma0 «—«~ °" IGTGTI0 ^ !^La=a 

=======- 

CTTTCAAACA ^™* C AT gtcCCAGGGC CGAGTCTGTC 

AVTGCTTTGT GTGTTCAGGA TGGGTGAGAT GTCCUA^ 

— " 

GAAGGTTTGC GKCTCTTCA CA ^ ^cCCCX 

„„ f^CTAATGACA GTTCCTTCCG GACTCITA^ i~ - 

.^TTCCI CATCTCTCAG GCTGTGCCTT AATTGAG*- 

"ZZ, = — CGAAGAATTG «AGAACAGA 

ACCCAC^ CGGGG^ — « A 
t^Lc= GTAAAGCCTG AGGCTGG^T TCTTCCTCTA .TCTCCACTCC 
w „ TGAAG«G== O-A ^ TCCTGATOCC AOAAAAATCT 

""""" ll^CA CACCCACA, »-»™ «m«C 

"T. r:r_ a^^ OT a CT 

GAGGTTATGA TAACATCTAU — — 

GGTTTCTGCC TGTGTGCTTA TGTT 

(2 ) INFORMATION FOR SEQ ID NO: 2: 

{Bl TYPE: amino acid 
( D) TOPOLOGY : linear 

MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:2: 

Met Gil L » ^ - - - - ~ - ~ - V " ^ 

j Arg Ala Ala ser Val 1, Le. - - - - «ft ~ ~ 
20 

„. „ ~ - «- - -„ - Tnt Ile Lm « " Thc Tht 

^ ,U U. « C,, A. „g «- «. - - »3 - " 
SO 



4S46 
4606 
4666 
4726 
4786 
4846 
4906 
4966 
S026 
5086 
5146 
5206 
5266 
5326 
5386 
5446 
5470 
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Mn ^ «. »p ~ - «- « ^ 1? ^ * G1 " cy ' *s 

c" cXy »P s« xl. - cy. W- ~ - ~ XX. » « « ~ 
GXy Xao A.P T*r CXy "a «r X,. og sar Tyr Ar, «P ™X A.p XX. 
to Sar T« Tyr V.X Tyr Val AT, A., Tyr Xc gr Pro P». XX. 



US 

130 



~i ti. val Tvr lie Thr Glu Asn Lya 
H. M r VaX S.r "P «» S1 * "* Val 1,1 »S 



MO Ly . Ite VaX VaX. XX. Pro Cy. Ar 3 CXy MJ XX. - - » 
145 ■ L:su „, 

VaX Sar Xao Cy. AX. tt, Tyr Pro CXo g. Aro «- « « "f "» 
165 

_ « T1 _ r i v pw. e Thr Leu Pro Ser Tyr 
A sn Arg He Ser Trp Asp Ser Glu lie Gly Phe Thr ^ 
180 

lie as n Asp 

Ket lie Ser Tyr Ala Gly Met vai w- -fc 

195 

, .- > .,_ i ™, i cl« Tvr Ara 
Glu Thr Tyr Gin Ser He Met Tyr He vax ^ ~ - - 

210 213 



n. Tyr A.p Val XX. go S.r Pro Pro HXs CXo XX. Glo Xao Ser XX. 

Gly Clo ,y. «- Val Xao .so cy. T.r Ala AT, Tor Glo L- »» VaX 

Gly loo A.P Pb. Trp HI. s.r Pro Pro ser Ly. ser HI; MX. x-ye 
1 260 ,4 " 

val Lve Pro Phe Pro Giy Thr Val Ala Lys 

Lvb lie vdi — ^ - ioa 

275 



* Thr i^u Thr He Glu Ser Val Thr Lys Ser Asp Gin 
Met Phe Leu Ser Thr Leu Thr ixe 2QQ 

290 

GXy CXo Tyr Tor cy, VaX AXa Sar Ser cXy g « XX. Xy. Ar, -J 



305 310 



W9 Thr Ph. V.X g VaX Hi. T»r Xy. Pro P„. XX. AXa P». CXy S.r 

Gly Mar Xya S.r X.o VaX cXo XX. TAr VaX CXy Sar CXo VaX Ar, XX. 
* 340 J 3 



Pc „ vaX g. Tyr xao s.r Tyr « Ala Pro A.p XX. Xys Trp Tyr Ar g 
He Glu sar Aao Tyr Tor Hat Xle Val CXy Asp CXo 



wo Gly Arg Pro IX. ciu 3M 

310 J 



L eu Thr tie Met Glu Val Thr Glu ^ Asp Ala Cly Asn Tyr Thr Val 



385 390 



... ^ c M et Glu Lys Gin Ser His Met Val Ser 
He Leu Thr Asn Pro He Ser Met Glu vy ^ 
405 



Leu 
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430 

Gin Thr Leu Thr Cys Thr 



*. Ket A.p S.r Tyr «. Tyr 01, T„r H.r cm xnr -j 

43S 4 * U 
Val ^ *U « Pro Pro «. «U Hie II. «. Jg V « «" 
4S0 

01o ow «. - 35 « « «* "° s " Pro * "* S 
" «. «. « ffi - - ~ 5S S1Y ly " SS 

* «*. » «• ^ - - gs 010 011 Ly " as ~ M1 

s « Ihr v" xi. «. - S « - ~ ^ IS I " t l5 " **" 
sis s<iU 

slu u . xx. - - a « - oi - « a u * sec ph " 

530 

Vi l XX. «, «, Pro ? XU XX. «, V.X Olo Pro U. »U «. Pro Tg 

545 . „, i m Arc Asn Thr Phe 
Glu OX. =1. ser Val S.r L.u L.u cy. x % . - - ,„ 



olu M „ «u »J Trp Tyr X,. « CXy s.r «. - Tor ser VU Hi. 
Me r 0 ly olo ~ x.. T>r « S - «. « - ffi - - - 
Lya ^ "I oly Tor - P.. s.r ~ s.r - - " P " e - Ue 



I ph. «. « .X. «r « «- « S «* ~* ^ ^ SS 

_ Bl5 cvs Leu Val Lya Gi» 

S er Ala Gin Asp Lys ^ *° *** f 5 l 6SS 
645 

, „ „ Mo1 - Tie Thr Gly Asn Leu Glu 
Leu lie lie Leu Glu Arg Ket Ala Pro Met lie 
660 

675 



o- tie Thr Trp Phe Lys Asp Asn Glu Thr 
Gly Asn Pro Thr Pro Hxs He Thr Trp J qq 

690 

, * s.r Glv He Val Leu Arg Asp Gly Asn Arg Asn Leu 
Val Glu Asp Ser Gly u-e ^ " u 

710 

x o va^ Arg Lye Glu Asp Gly Gly Leu Tyr Thr Cys Gin 
He Arg Arg Va^ Arg 730 ,J3 

Ala Glu Thr Leu Phe He He 
7S0 

Glu Val He He Leu Val Gly 
765 

Leu Leu Leu Val He Val Leu 



Ser Gly Asn no - 
690 

Lcu ,~ — - Q 
705 

Thr - 72S 

Ma Cys Asn Val Leu Gly Cys Ala Arg Ala ^ 
740 

T „ _ hT . . grl Leu Glu vai ix>= *•« 
Glu Gly Ala Gin Glu Lys Thr Asn Le 7&5 

755 



« Ala Val He Ma Met Phe Phe Trp ,eu - ~ 



Thr n^o 77S 

770 
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ug Tbr va! W . «. & - «- «* SS t " ™ ^ 55 

„ v,, ~ a ~ - - - a ~ ~ siu m = siu 

„ »» » ^ M. - ~ - S ^ " ^ "° " 
320 

w . «, » - a 01y A1 * FBe oly ss Vil 1 

835 



u . « u. «, - S - - — SB - * V " 

val Z « - «• S5 oly " a * HU °" G1 ° B1 ' " ^ K 

r t s « «. - a «. - - ss sl > - BU * a val 

885 . 

Vll „ « u. « - - x M ffi « «v .v, « S5 V1 

-rv,^ Tvr Leu Arg Gly 

nh« ftlv ASH Leu - — ii_ 

He val Glu Pne ^ B *— — yz= 

315 . . t.v ser Lvb Gly Ala Arg Phe Arg 

LyB Arg Asn Glu Phe v aJ . riw 940 

«. ~ - - s -V - - - a - - - - a 

111 „, - s - - - - s - ~ s " Gly - Vil 
„. 01o w . ~ - ~ - - ;s - sl " A1 * s? 510 slu 

980 

. t. pu lie cys Tyr ser Phe 
Lsu Tyr LyB Asp Phe Leu Tnr JJ^- 100 S 

l Val ill Lys Gly ~ - « Ala Ser Arg.s Cys Xle His 

1010 , xl Arc Asn He Leu Leu Ser Glu Lys Asn Val Val 

Arg Asp Leu Ala Ala ^| Q A9n 1035 

r:.. c » - - - a- ** - - a- 

Val « W "V «P - - - - 

01o Thr U. «, ~ & ™ n- - ~ JS,- - S " 

Phe olT "\- - - - - h. ~ - a,- - «• - 
„ - "« ffi - phe * s a r - Lys clu °- 

1105 ~ n.i Met Tvr Gin Thr 
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11S0 

140 

«. „ «x L - - - a.- - ~ - " sln - 

„. T ^ u se£ l«u Pro Thr Ser Pro Val Ser cy 
Clu Clu Aap Ser Cly ^ Q Se£ 1195 

r - - - - - - - - a- ~ ~ ~ a- 

01y u . s « «. * - ~ « si,- - s " s.™ val 

1220 „ clu Pro Glu Val Lys 

SK val »r Ph. «. «P a » - S.5 

1235 «. nv Met Val Leu Ala Ser 

Val XI. Pro WP «P « ~ W SSo 

1250 . , S« P» «« S|o 

t T.vfl TUT 1^" G * u - •!■»•,«; 

Giu uj-u 1270 

"'" .. « so W. s.r M •&•« ~ ~ ISl- 

Gly Giy new . — — a5 x^s« 

ser Mn * - « - - a- - - ~ a- TBt 
MO TW . « * - - ar - ■* " u a* Hec ~ 

iJ " ihr M. am ™ ser 



A8P Ala M. V.1 His U. MM* «T - 



1340 



1330 



. ... val Pro Ala Pro Pro Pro T.r Pro Cl^ 

Cvfl Leu ABti QLY ;;* ft ~ UbS 

1345 

A8n Hi« Glu Arg Gly^Ala Ala 
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WTTT.T T" S&BgB * SI 

r A recombinant DNA vector containing a 

, s=s :rr^;:;r— :r=, .... 

expression in a host. 

2 A recombinant DNA vector containing a 

2. A recu r-Tv-i fusion protein 

controls gene expression in a host. 

* «n that contains the 

3 An engineered uw=». 

recombinant DNA vector of Claims I or 2. 

4 An engineered cell line that 
recombinant DNA expression vector of Claim 1 and 
expresses Flk-1- 

5 Tn e engineered cell line of Claim 3 which 

20 „„ ,he surface of the cell, 

expresses tne ■* — — 

, An engineered cell line that eont.ln.th. 
recount DNA egression vector o t ex.- 2 - 

i?"ik>-l fusion protein. 
25 expresses the Fix i 

7 . The engineered cell line of ^^f o£ ^ 

*-h* Flk-1 fusion protein on the surrac 
expresses the Fix i 



cell. 

30 



35 



8 . a method for producing recombinant Flk-1, 
uprising: ^ ^ ^ ^ nsformed with t he 

( } recombinant DNA expression vector of Claim 
and which expresses the Flk-1 ; and 
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(b) recovering the F1K-1 gene product from the cell 
culture . 

a method for producing recombinant F1X-1 fusion 

5 protein, comprising: 

,a) culturin, e host cell transformed with the 
recombinant DNA expression vector of claim 2 
and which expresses the F1K-1 fusion protean, 

+-k q TTiv-i fusion protein from tne 
10 (b) recovering the FIX l rusion ^ 

cell culture. 

10 . An isolated recombinant Flk-1 receptor protein. 

it a fusion protein comprising F1K-1 lin** to * 
heterologous protein or peptide sequence. 

12 An oligonucleotide which encodes an antisense 
seauence complementary to a portion of the Flk-1 

2 0 "rieotlde and which inhibits «Ut» of 

the Flk-1 gene in a cell. 

13 The oligonucleotide of Claim 12 which is 
complementary to a nucleotide sequence encoding the ammo 

25 terminal region of the Flk-1. 

14. A monoclonal antibody which immunospecif ically 
binds to an epitope of the Flk-1. 

15 The monoclonal antibody of Claim 14 which 
competi^vely inhibits the binding of VEGF to the 
Flk-1. 

16. The monoclonal antibody of Claim 14 which is 
35 linked to a cytotoxic agent. 
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17 . Th e monoclonal antibody of Claim « which is 
linked to a radioisotope. 



18 . A method for screening and identifying 

s antagonists of VEGF. «-«*^ that expr esses F1K- 

(a) contacting a cell prese nce of 

I with a test compound in the pr 

10 0 f VEGF on the cell line, 

• are identified as those compounds 
in which antagonists are ^ q£ 

that inhibit oo^a - 

VEGF on the cell line. 

19 . A method for screening and identifying agonists 

of VEGF, comprising: expresses the 

(a) contacting a cell pres ence 
Flk-1 with a test compound in the p 
and in the absence of VEGF; 
fining whether, in the presence of 

l "' „„r,d inhibits tne 

VEGF, tne t<==^ ■ «•— - ,„j 

* wt-rF to the cell lme; and 
binding of VEGF ther in the absence of the 
( C) determining whether, in the 

VEGF, the test compound mimics the 
cellular effects of VEGF on the cell line- 
iZ are identified as those test compounds 
^i^r hiding hut mimic the cellular effects 
of VEGF on the cell line. 

20 The me thod according to Claims 13 or 19 in 

II line is a genetically engineered cell 
which the cell line is a y 



line. 



35 
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21 . T he method according to claims 13 or 19 in 
which the call Una endogenously expresses tha Flk 1. 

22 a method for soraanlng and identifying 
. antagonists of p _ ln with . random 

peptide library such that Flk-1 wrll 
recognize and bind to one or mora pept.de 
species within the library; 

(b) isolating the Flk-l/peptide combination; 

(c) determining the sequence of the peptxde 

isolated in step c; and 
. detcra ining whether the test compound 

Id) ueiv-<^~ 3 _ ^ f,- 

' ' inhibits the binding and cellular 

15 ta which antagonists are identified - 

that inhibit both the binding and cellular effects 

VEGF. 

23 . A method for screening and identifying agonists 

of VEGF comprising: ran(lon 

C oni-. ac tina Flk-i protej.ii 

peptide library such that F1X-1 will 
recognize and bind to one or more peptide 
species within the library; 

(b) isolating the Flk-l/peptide combination; 

(c) determining the seguence of the pept.de 
isolated in step c; and 



20 



25 



(d) 

30 



determining whether, in the absence of the 
VRGF, the peptide mimics the cellular 
effects of VEGF, 
• k- h agonists are identified as those peptides that 
in which agonists cu-e effects of 

inhibit the binding but mimic the cellular effects 

Flk-1. 



35 
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24 The method -cording to claims 22 or 23 in 
24. me t . ,, v en qineered. 

which the F1X-1 protein is generally 

. •, ,^ nrt the endogenous enzymatic 
75 A method of modulating the ena g 

25 * , • Pik-l receptor in a 
, activity of the tyrosine Kinase ^ ^ 

— 1 — o n"» -e «*-! receptor 
effective amount of a ligan artivit y. 
protein to modulate the enzymatxo aotzvz 

10 M . Th e method of Claim 2= in which the ligand to 

the Flk-1 receptor is VEGF. 

«. hod 0 , cla im 25 in which the ligand to 

n - . The "ethuu wi. 

... <«= * VEGF agonist. 

the Flk-1 recepuui 

15 v. a *1> claim 25 in which the ligand to 

28 . The method of Claim 25 x 

^ m-l receptD r is an antagonist of " 

«>o fhaf is a monoclonal 

29 . T he antagonist of = a- o£ 

20 antibody which immunospedf xclly 



n v-1 . 



• v o-f claim 28 that is a soluble 
30. The antagonist of Claim 

Flk-1 receptor. 

31 Th e method of Ciaim 35 in which the enzymatic 

acti vity of the receptor protein is increased. 

32 The method of Claim 2, in which the enzymatic 
30 activity of the receptor protein is decreased. 

33 T he method of Claim 31 in which the ligand 
stimulate endothelial cell proliferation. 



35 
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34. The method of Claim 32 in which the ligand 
inhibits endothelial cell proliferation. 

35. The method of Claim 32 in which the ligand 
5 inhibits angiogenesis. 



36. 



A recombinant vector containing a nucleotide 
sequence that encodes a truncated F13C-1 which has 
dominant-negative activity which inhibits the cellular 
10 effects of VEGF binding. 

37 The recombinant vector of claim 3 6 containing 
a nucleo tide sequence encoding amino acids 1 through 806 



or r xjv- j- 



15 



38. The recombinant vector of claim 36 in which the 
vector is a retrovirus vector. 

39 . The recombinant vector of claim 38 containing 
20 a nucleotide sequence encoding amino acids 1 through 806 

of Flk-1. 

40 An engineered cell line that contains the 
recombinant DNA vector of Claim 36 and expresses 

25 truncated F13c-1. 

41 An engineered cell line that contains the 
reoo^inant vector of Claia 38 or 39 and produces 
infectious retrovirus particles expressing truncated 

30 Flk-1. 

42 An isolated recombinant truncated Flk-1 
receptor protein which has dominant-negative activity 
which inhibits the cellular effects of VEGF binding. 

35 
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FIG. 3B 
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FIG, 5D 
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FIG. 6B 
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1 TAMaXQMTTGGGW 90 

9i ax^TAvriGGCi(yarcAiicam^^ 160 

181 GCGCTCCOOGGGCCATA(3}GCCTCTCTGACnCTTTGO0GGOCAGGCA0GC^ 270 

y E S K A L L A V A I I F C V H T R A A S V G L I 25 

271 GCCGCGXKTGCAGGATGGAGACCAAffXGCTGCTAGCTGTCGCT 360 

26GDFLHPPKLSTQKDILTILANTTLQITCRG 55 

361 G(XI)ATinCT(£ATCCC{XCAAXTCAGCA^ 450 

560RDL DKLUPNAQRDSEHRVLVTECGGCDS I 85 

451 {m(^J(m(mTT(mMttT(ra 540 

86 F C K M T 1 P R V V G N D I G A Y K C S Y R D Y D 1 A S i 115 

541 TTCItSAAAACACTCACWTT^^ 630 

116 V Y V Y V R D Y R S P F I A S V S D Q H G I V Y I T E N K N 145 

631 GTTTATGTCTATGTTnXATTACA(MACCAn^ 720 

146 K T Y V 1 P C H G S I S N L N V S L C A R Y P E K R F V P D 175 

721 AAAACTGT&IMTCCCCTGttEAGK^ 810 

ITBGNRISKDSHIGFTLPSYMISYAGyVFCEAK 205 

811 GGAAACACAATTTCCTGGG&tf^^ 900 

206 I N 0 K I Y Q S I M Y I V V V V G Y R I Y D V i L S P P H H 235 

901 ATCMTGAI&UWCCTATCAGTCTATWTGTACATAGTTGTGGTTGTAGW 990 

236 I K L S A G K K L V L N C T A R T E L N V G L 0 F I H H S P 265 

991 ATTt^TATCTGCamAAAACTTGTCnM^ 1080 

266PSKSHHKKIVNRDVKPFPGTVAKMFLSTLT 295 

1081 CCnCAAAGICTCATCATA/tAMTTGTAAAfl^ 1170 

296IESVIKSDQGEYTCYASSGRMIKRNRTFVR 325 

1171 ATAGAAAGIGTGA(£AAGAGIGA[XAAGGGGAAIA(^ 1260 
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526 V H T K P F I A F C S G V K S L V E A I V G S Q V R 1 P V K 355 

1261 GTTDCACAAAGCCTTTTATTGCTTTCX3GTAGTGGGATGMATC1 rTGGTGGAAGCCACAGTGGGCAETCAAGTCCGAATCCCTGTGAAG 1350 

355 YLSYPAPD I KNYRNGRP IESNYTIII VGDKL 385 

1351 TATCTCACII/WXACCICCIGAW 1440 

386 T 1 I K V T K R 0 A Q N Y T V I I T N P I S N E K Q S H M V 415 

1441 ACCAICATHIAAGTGACTGAAAGAGAIGCAGGAAAC 1530 

416 SLVVKVPPQIGEKAL ISPUDSYQYGTHQYL 445 

1531 TCTCTITOGMTGJCaam^ra 1620 

446 T C I V Y A N P P L H H I Q N Y N 0 L E E A C S Y R P G Q T 475 

1621 ACATl^iClACGCCA/^^ 1710 

476 S P Y A C K E K R H V E D F Q G G N K ! E V T K N 0 Y A L I 505 

1711 A(XCCG1ATGCI1GTAAAGAATGGA{>CAGGTGGAGGATTTCC^^ 1800 

506 K G K N K T V S T L V I Q A A N V S A L Y K C E A 1 N K A G 535 

1801 GAA(£AAAAAACAAAACTGTAAGTA{ftTrc^ 1890 

536RGERVISFHV1RGPE ITVQPAAQPTEQESV 565 

1891 CGAXAGAGAGGGTWTCTanCCATGTGATDICGa 1980 

566SLLCTADRNTFE.NLlNYKi.GSGATSYH.NGF 595 

1981 TCCCTGTTGTG(>CTGCAGACAGAAAlAffiro 2070 

596 S L T P V C K N L 0 A L N K L U G T N F S N S T N D I L I V 625 

2071 TCACTCA(>CCAGTTTKM^TT{^ 2160 

626AFQNASL0DQGDYVCSA0DKKTKKRHCLVK 655 

2161 GCATTTCAGAAT(&TCTCTH^^ 2250 

656 Q L I ILKRMAPKITGNLSNQTTTIQET1HYT 685 

2251 CAXTCATCATCCTAGAGCGCATGGCACCCATGATCACCGGAAATCTGGA^ 2340 

686 C P A S C N P T P N I T K F K D N E T L V E D S G I V L R D 715 

2341 TGCCCAGCATCTGGAMTCCT ACCQ^CACAnACATtXjnCAAAGA TAGAAGATTCADGCATTGTACTGAGAGAT 2430 

716 G N R N L T I R R Y R K E 0 G G L Y I C 0 A C N V L G C A R 745 

2431 GGGAA(XGGAACCTGACTATCXGDCGGTGAGGAAOGACX)ATGGA 2520 
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746 A £ ! L F I I E G A 0 H K I N L E V I I L V G I A V I A M F 775 

2521 GOGGIK^TCTICATAAI/IGA/IGGTGCCCO 2610 

776FMLLLVIVLRTVKRANHGKLKTGYISIVMD 805 

2611 TTCra^TCCTTCTTGTCATTGTa:TACGGACCGTTAAGCGGGCCAA 2700 

806FDKIPLDHRCKELPYDASKNEFPRDRLKLG 835 

2701 CC^IGMTTCCCCrTGGATGAGCGCTGTGAACGCTTGCCT 2790 

836KFLGRGAFGQVIEADAFG IDKTATCKTVAV 865 

2791 AMCCICTTOraXffiTGCCn^^ 2880 

866KMIKEGAJHSEHRALMSKLKIL IHIGHHLM 895 

2881 AMTCTlimtmCAAC/^^ 2970 

896 V V N I I G A C T K P G G P L U V I V E F C K F G N L S T Y 925 

2971 GTGGTGAAffilKTAGGCGCCiGCAu^^ 3060 

926 L E G K R N E f V P Y K S K G A R F R 0 C K D Y V G K I S V 955 

3061 TT/raCGCAtfKAAAW 3150 

956 D L K R R L D S I I S S Q S S A S S C F V K H K S L S D V E 985 

3151 GATCTGAAWGACGCTTGG^^TCAO>G^ 3240 

986KKKASKKLYKDFLTLKHL ICYSFQVAKGME 1015 

3241 GAAGAAGAAGCTTCFGAAGAACTGTACAAGGACTICCIGACCTTG^ 3330 

1016 FLASRKCIHRDLAARNILLSEKNVVKiCur 1045 

3331 TTCTTG^TCAJCGA^TGTATCDOGGGACCTG^ 3420 

1046 G L A R D I Y K 0 P D Y V R K G D A R L P I K K M A P E T I 1075 

3421 GGCTT(mramTnAFAA/CAC(OTm 3510 

1076 FDRVYT I QSDVNSFGVLLHE I FSLGASPYP 1105 

3511 TTTGACAGAGTATACACAATTCAGAKIIATGTGTGGTCTTTC^ 3600 

1106 G V K I D E E F C R R L K E G I R M R A P D Y T I P E V Y 0 1135 

3601 GGGGTCAAWTTGATGAA(MTTTTGTAGGA(^ 3690 
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U36TMLDCNHE0PNQRPSFSELVEHLGNLL0AN 1165 

3691 mm^GCTGGCtf^^ 3780 

1166 A Q 0 D G K D Y I V L P V S E T L S V K E D S G L S L P T S 1195 

3781 GQXIDGWTGQMCO 3870 

1196 P V S C y E E E H V C D P K Y H Y 0 N T A G 1 S H Y L 0 N S 1225 

3871 ttTGTOTGTATGiyCGAAGra 3960 

1226 KRKSRPVSVKTFHD I PLEEPEVKV I PDDSQ 1255 

3961 A/CCGAWGAGCCGGCDCIGAGTGIAAA 4050 

1256 T 0 S G M V L A S E E L K T L E D R N K L S P S F G G H H P 1285 

4051 jc^miaramATo^^ 4140 

1286 S J S R E S V A S E G S B Q T S G I Q S G T G S 0 0 T D T T 1315 

4141 JCTA/UKC/B^^ 4230 

1516 V Y S S D E A G L L K U V 0 A A V H A D S G T T L Q L i S C 1345 

4231 CTGTAffKAKCAC!^ 4320 

1346 L H G S G P V P A P P P T P G N H E R G A A « 1367 

4321 niMGGN^TCIOT 4410 

4411 (>CXCCGGAAGTAK^ 4500 

4501 GATGCCCATGACCCWCMTCTGnGACTCTACTCTCT 4590 

4591 MTTAMEM^^ 4660 

4681 CTTTGTGTGTT(^TGffiTG/GATGTCC^^ 4770 

4771 TA/CTGTGGMTGT^THXa^^ 4860 

4861 AKT(m:nGT(m:TGTac^^ 4950 

4951 GOBCTOriBlBaTTO 5040 

5041 C/rcnttTttnttTWTCTCT^^ 5130 

5131 GAATTGTQWOCAAIK^ 5220 

5221 GTGGCGGTAAAGGCTC/CGCTGGTGnCTTCCTCTATCTCCACTCCTCTC^GGC^ 5310 

5311 GAT(XCAGAAAAATCTTAATT(£TTffi^ 5400 

5401 ATCT/C1GTATCCTTTAGAATT TTAACCTATAAAACTATGTCTACTGGTT TCTGCCTGTGTGCTTATGTT 5470 

FIG.11D 
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